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Abstract

In this paper, we exploit plant-level data for U S. manufacturing for
the 1970s and 1980s to explore the connecti ons between changes in
technol ogy and the structure of enploynent and wages. W focus on the
nonproducti on | abor share (nmeasured alternatively by enpl oynent and
wages) as the variable of interest. Qur main findings are sunmari zed as
follows: (i) aggregate changes in the nonproduction | abor share at
annual and | onger frequencies are dom nated by wi thin plant changes;
(1i) the distribution of annual within plant changes exhibits a spike at
zero, tremendous heterogeneity and fat left and right tails; (iii)

wi thin plant secul ar changes are concentrated in recessions; and (iv)
whi | e observabl e i ndicators of changes in technol ogy account for a
significant fraction of the secular increase in the average

nonpr oduction | abor share, unobservable factors account for nost of the
secul ar increase, nost of the cyclical variation and nost of the cross
sectional heterogeneity.
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1. Introduction

Over the course of the past several decades there have been
significant changes in the structure of wages and enploynent in the U S.
econony. Rising wage inequality has been acconpanied by an increase in
the return to experience over the 1970s and 1980s and an increase in the
return to education over the 1980s. Conformabl e changes in rel evant
gquantities suggest that these price changes reflect changes in the
relative demand for skilled workers: enploynent, participation, and
unenpl oynent for workers in the upper half of the wage distribution have
been rel atively stable while unenploynment and withdrawal fromthe | abor
force have increased substantially for workers in the |ower part of the
wage distribution. These changes in the overall U S. |abor narket are
particularly evident in changes in the structure of the workplace in
U S. manufacturing. Relative to the 1960s, the typical manufacturing
worker in the late 1980s is nore educated and is nore likely to be a
pr of essi onal, manager or technical worker and less likely to be an
operator or |aborer.!?

! Recent research investigating these changes includes Juhn, Mirphy and
Topel (1991), Davis and Haltiwanger (1991), Katz and Mirphy (1992), Juhn
Mur phy and Pierce (1993), and Berman, Bound and Giliches (1994). Note that
the return to education fell during the 1970s but this has been attributed to
the changes in the relative supply of coll ege educated workers over this
period (see, e.g., Katz and Mirphy, 1992 for extensive discussion of these
i ssues).



The nost prom nent current explanation for the changing relative
demand for skilled workers is that the adoption of new sophisticated
capital equi pnent and the introduction of flexible manufacturing nethods
has rai sed the demand for nore highly educated and skilled workers. An
alternative conpeting explanation is that there have been product demand
changes towards goods requiring nore skilled | abor (at |east in part
stemming froman increasingly integrated world econony). Wile there
have been nunerous studies in the recent literature seeking to identify
the sources of these | abor market changes, the verdict is still out
since nost of the evidence to date is indirect. Mich of the existing
anal ysis exploits household data which do not permt direct exam nation
of the alternative explanations of technol ogy adoption or detailed
product demand changes. In contrast, in this paper we exploit
| ongi tudi nal establishnment-|evel data for the U S. manufacturing sector
covering the 1970s and the 1980s which contains a wealth of information
about the changing characteristics of individual establishnents:
enpl oynent and wages by worker type (production and nonproduction
wor kers), capital intensity, R& intensity, detailed indicators of
advanced technol ogy adoption, and detailed industry.? These data permt
a much nore direct exam nation of the possible explanations for the
change in the relative demand for skilled workers.

2 Several aspects of our study distinguish our analysis fromthe relatively
few recent studies that exploit the establishnent-level data to investigate
t he connecti on between technol ogy, wages and enpl oynment (see, e.g., Davis and
Hal ti wanger, 1991; Dunne and Schmtz, 1995; Dons, Dunne and Troske, 1995; and
Bernard and Jensen, forthcoming. First, we provide a conprehensive
characterization of the timng, heterogeneity and concentration of plant-Ievel
changes in the enpl oynent and wage structure in the context of investigating
the contribution of observable changes in technology. As part of this, a key
feature of our study is the docunentation and analysis of the strong
connection between the | ow frequency structural changes in the enpl oynent and
wage structure at the plant with the cyclical dynamcs. Second, we
i nvestigate the respective contributions of continuing plants and entry and
exit. Consideration of the role of entry and exit is inportant in this
setting since many nodels of technol ogy adopti on hypothesize that new
technology will be introduced primarily by entering plants that in turn
di spl ace exiting outnoded pl ants.



Wil e our data have a wealth of information about enployer
characteristics, the primary information on worker characteristics are
enpl oynent and wages broken out separately for production and
nonproduction workers. Using this information, Figure 1 graphs the
nonproduction | abor share in ternms of enploynent and wage shares and
illustrates two key features of the aggregate data. The first is the
striking upward trend in the nonproduction | abor share. This increase
has been interpreted in the recent literature (e.g., Berman, Bound and
Giliches, 1994; and Goldin and Katz, 1996) as an inportant indicator of
the overall changes in the structure of the workplace in manufacturing.?
The second key feature of the nonproduction | abor share series seen in
Figure 1 is that it exhibits an asymetric pattern over the business
cycle. Sharp increases in the share of nonproduction | abor during
econom ¢ downturns are only mldly offset by decreases during
recoveries. Consequently, alnost all of the long run increase in
nonpr oduction | abor share that occurs over the 16 year period, occurs in
periods that manufacturing sector enploynent is contracting. The strong
connection between the structural changes and the cyclical patterns in
t he aggregate data has been neglected in the recent literature but is a
fundanental part of our analysis.*

Thr oughout this paper, we followthis recent literature and focus
on the nonproduction | abor share (both in terns of enploynent and in

3 The use of industry-level data on production and nonproducti on workers to
anal yze the relative demand for skilled workers has a long history in |abor
econom cs. Table 3.7 in Hanernesh (1993) lists over 20 studies using such
data for this purpose.

“ In this regard, our approach and analysis are in the spirit of the ideas
stressed in the recent literature that restructuring and reallocation are
concentrated in econom c downturns (e.g., Davis and Haltiwanger, 1990; Hall,
1991; Caballero and Hammour, 1994; Mrtensen and Pissarides, 1994; and
Canmpbel I, 1995. However, in this case, we focus nore on the nature of within
pl ant restructuring at business cycle frequencies than on the between pl ant
real l ocation of jobs that has been the focus of this recent literature.

3



terms of wages) as our variable of interest. Although this is dictated
by data limtations, we think the use of this variable for this purpose
is appropriate for a nunber of reasons. First, as in the recent
l[iterature, we view the nonproduction | abor share variable as a basic,
t hough admttedly inperfect, neasure of plant-level workforce skill. It
is well docunented that nonproduction workers are nore highly paid and
nore educated than producti on workers (Davis and Hal ti wanger, 1991;
Berndt, Morrison, and Rosenblum 1992). In addition, the growh in
nonpr oduction | abor in manufacturing has been in the higher skil
occupations such as professionals (including scientists, engineers, and
conput er programers) and manageri al occupations, while the decline in
production | abor has been primarily in | ower skill occupations such as
operatives and |l aborers (Davis and Hal ti wanger, 1991; Bernman, Bound and
Giliches, 1994). Second, we view changes in the nonproduction worker
share as nore broadly reflecting changes in the way plants produce
goods. Goldin and Katz (1996) docunent a variety of changes in the
production process over the twentieth century and their effect of the
types of workers used in manufacturing production. Simlarly,
| chni owski and Shaw (1995) docunent and anal yze changes from assenbl y-
lines to team production and the inpact of this change on workpl ace
organi zation. In addition, Krener (1993) argues that changes in the
conpl exity of goods produced in turn affect the workforce requirenents
of the plant. |In short, we recognize that plant-|level changes in the
nonpr oduction | abor share may represent nore than sinply skill changes
in the workforce and we attenpt to take this broader perspective into
account in interpreting our results.

Wth these alternative interpretations in mnd, this paper
exam nes a nunber of issues concerning both the m croeconom ¢ dynam cs
of nonproduction | abor share changes and the rel ati onship between
technol ogy and changes in the skill of the workforce. The first issue



we address enpirically is whether the observed aggregate changes in the
nonpr oduction | abor share at high and | ow frequencies reflect a general
upward shift in workforce skill (a wthin plant effect), a reallocation
of the enploynment fromcontinuing low skill to high skill plants (a
between plant effect), or entering high skill plants displacing exiting
low skill plants (a net entry effect). The results of such basic
deconpositions can potentially shed considerable |ight on a variety of
conpeti ng hypot heses. The hypothesis that trade and other factors have
generated a shift in demand towards products that are skill intensive
inplies that the observed change should prinmarily be a between pl ant
phenonmenon. Demand shifts towards high skill intensive products al so
potentially have inplications for the contribution of net entry. The
skill biased technical change hypothesis inplies that the observed
changes are driven by individual plants retooling their production
processes (a within plant phenonenon) or that new technology is
i ntroduced by entering plants that displace outnoded exiting plants (a
net entry phenonenon). Further, understandi ng whether new technology is
introduced via retooling of existing plants or via the entry of new
plants is of fundanental inportance in distinguishing between
alternative classes of technol ogy adopti on nodel s.

The second set of issues we address concerns the timng,
het erogeneity and concentration of plant-level changes in the
nonpr oduction | abor share. W docunent the nmagnitude, concentration,
persistence, and cyclicality of the distribution of the plant-Ievel
nonpr oducti on share changes. |In addition, we docunent the underlying
job creation and destruction dynam cs within and between plants by
wor ker type. Wiile we know fromrecent studies of plant-I|evel
enpl oynent dynam cs that there is trenendous dispersion in the
enpl oynent growth rate distribution, this need not translate into
di spersion in nonproduction share changes. Mre generally, the



characterization of the distribution is inportant for understanding the
underlying forces driving plant-1evel changes in nonproduction share.
Recent characterizations of plant-level investnent (e.g., Dons and
Dunne, 1994; Cooper, Haltiwanger and Power, 1995; and Cabal |l ero, Engel
and Hal tiwanger, 1995b) docunent the inportance of |unpy investnent
spi kes in a manner consistent with nonconvexities in capital adjustnent
costs. For our purposes, nonconvexities in the adjustnment costs for
adopting new technol ogy (which nay be associated with capital
adjustnent) in the presence of biased technical change in turn inply
| unpy adjustnent in worker mx at the plant level. |In addition, we are
interested in the respective contributions of positive and negative
changes in nonproduction | abor share at the plant |evel in accounting
for the observed aggregate changes. As w |l becone apparent, the
observation of very large positive and negative changes in workforce
skill, as neasured by nonproduction | abor share, raises a variety of
gquestions regarding the nature of the bias in technical change.

The last and nost inportant issue we address is the connection
bet ween plant-1evel indicators of technol ogy adopti on and changes in the
enpl oynent structure at both high and | ow frequencies. W evaluate the
contribution of observable factors such as changes in equi pnent,
structures, R&D, and the adoption of advanced manufacturing technol ogi es
to high and | ow frequency changes in the nonproduction |abor share. O
particular interest is whether these observable factors can account for
the concentration of the Iong run changes in econom ¢ downturns.

The outline of the paper is as follows. The next section
considers theoretical issues that help frame the enpirical analysis that
follows. The intent here is to characterize the relevant driving forces
as suggested by the existing theoretical literature. Section I1I
briefly characterizes the data we use. In addition, in this section we
characterize the avail abl e evidence on the rel ati onship between the



nonproducti on | abor share neasure and workforce skill. Sections |V, V
and VI provide a detailed characterization of the high and | ow frequency
pl ant -l evel production and nonproducti on worker dynam cs. Section VII
reports the results fromour exam nation of the connection between
observabl e i ndi cators of technol ogy adoption and changes in the

nonpr oducti on worker share. Section VIII summarizes our main findings.

I1. Theoretical Considerations

A. Wthin Plant Changes in Wirkforce Skil

In considering the connection between technical change and
wor kforce skill, we focus on the role of observable indicators of plant-
| evel technol ogy adoption. This focus is notivated by both recent
research and the popul ar perception that the demand for skilled workers
has increased relative to that for unskilled workers as manufacturing
pl ants have installed sophisticated capital equipnent. Wile this
perspective notivates nmuch of our analysis, we interpret the
adoption/retooling decision in a very broad sense. Beyond considering
t echnol ogy adoption via the purchase and installation of sophisticated
capital equi pnent, we view technical change as enconpassi ng a broad
range of changes in the production and organi zational structure of the
plant. The broader interpretation is closely Iinked to the concept of
organi zati onal capital stressed by Hall (1991). Organizational capital
reflects the nyriad of factors that characterize the production process
of an individual plant including the anount and type of capital used,
the design and | ayout of the production process, and the organi zation of
the workforce in teans of nanagers, office workers, and production
wor ker s.

G ven this broad definition for changes in "capital," consider the

inplications for changes in the skill of the workforce at the plant.



Treating skilled and unskilled |abor as variable factors of production,
the optimal "skill m x" can be determ ned by short run cost mnimzation
for given output and a given state of technology (where the latter is
treated as a quasi-fixed factor for this purpose).® That is, producer
mnimzes WL}, + WL/, subject to vy;;, = F(Z, L}, L"). Production, y;,, iIs
an increasing function of three factors: the "capital” in which the
adopt ed state of technology is enbodied, Z,, and two | abor inputs
(skilled, Lj;, and unskilled labor, L, --treated as variable factors of
production). F(™) is assuned to be strictly concave.® The producer

t akes wages of skilled workers, w, and unskilled workers, w, as given.

Optimal skilled and unskilled | abor inputs are determ ned by the
standard condition equating the ratio of the marginal products to the
ratio of the wages of skilled to unskilled |Iabor, along with the
production relationship for given output and Z. For our purposes, it is
useful to express the inplied optimal skill mx, M,, ina formfamliar
in enpirical analysis:

M; = Hy@ﬁ+HD: m(Z

it oW Wy (1)

° This specification of short run cost nmininization is consistent with a
fully specified dynam c profit maxim zation nodel in which individua
producers endogenously adopt new technologies. Al we are doing here is
characterizing how the variable factors of production are determned for a
gi ven state of technology and output. 1In a fully specified dynan c nodel
determining Z (our index of the state of technol ogy), incurring costs of
adoption in the current period would (perhaps with sonme probability) yield an
updated Z in the subsequent period. The costs of adoption may be proportiona
to current output so that tinmes of adoption affect the scale of operations and
in turn the demand for skilled and unskilled labor. This is captured in the
short run cost mnimzation since we are controlling for the [ evel of output.
See the discussion below for alternative nodels of the dynanics of Z

® The underlying assunption is that there is sone additional fixed factor
ot her than Z



While the skill mx is decreasing in the relative wages of skilled to

unskill ed workers, the sign and magni tude of the Z-skill conplenentarity
(m) depends on the nature of the skill bias in technol ogy adopti on.
Short run nonhonotheticity (m) reflects changes in the skill mx

i nduced by changes in the scale of operations for given Z

G ven non-zero Z-skill conplementarity, a key question is, what
determ nes the dynamcs of Z. A large recent literature is devoted to
endogeni zi ng the technol ogy adoption decision. One inportant class of
nodel s are vintage capital nodels as in Sol ow (1960), Chari and
Hopenhayn (1991), Cooper and Hal ti wanger (1993), Cooley, G eenwood and
Yorukglu (1994), and Cooper, Haltiwanger and Power (1995). 1In these
nodel s, Z is characterized as physical capital in which technol ogical
progress is enbodied. A closely related but distinct class of nodels
characterizes the dynamcs of Z via the endogenous innovation and
imtation of technologies (e.g., Jovanovic and MacDonal d, 1994;

Andol fatto and MacDonal d, 1993). 1In all of these nodels, individual
producers mnust incur costs (both direct and indirect) to acquire and

i npl ement new technol ogy. In addition, individual producers are subject
to idiosyncratic shocks (e.g., demand, cost, productivity and possibly
shocks in the success of adoption). It is the presence of adoption
costs, along with idiosyncratic shocks, that inplies variation in

t echnol ogy across producers.

A nunber of factors influence the frequency and timng of adoption
at the plant level. First, as noted in the introduction, recent studies
of plant-level investnent dynam cs provide support for the hypothesis
that there are nonconvexities in the adjustnent costs for capital. In
the presence of (potentially related) nonconvexities in the costs of
adopti ng new technol ogi es, technol ogy adoption at the plant level wll
be lumpy (i.e., infrequent and | arge changes will be observed). Fixed
costs of adoption inply that even with steady i nprovenents in the



| eadi ng avail abl e technol ogy, individual producers will only
infrequently update their technologies. In this spirit, Cooper,

Hal ti wanger and Power (1995) denonstrate in a nodel in which plants
periodically lock-in at a particular state of technology by installing a
specific vintage of capital, the probability of retooling wll be
increasing in the time since the prior retooling.’

An addi tional source of |unpy technol ogy adoption is erratic
i nprovenents in the | eading avail able technology. Major technol ogical
br eakt hroughs in individual industries may be infrequent.® The presence
of fixed costs in an environment with erratic inprovenents in the
| eadi ng edge technol ogy inplies that individual producers may forego
m nor inprovenments (or at |east delay until inprovenents have
sufficiently accunul at ed).

A second key factor influencing the timng of adoption is the
nature and persistence of the demand and cost shocks that generate
fluctuations in profitability for a given state of technology. One
reason these shocks are inportant is that the adoption costs nay take
the formof |ost output or productivity due to the disruption in
activity during retooling and reorgani zation.® The nobst natural
interpretation of these disruption costs is that the plant (or parts of
the plant) may need to be shutdown during retooling. Alternatively, in

" This prediction is derived in a setting with an exogenous constant pace
of technol ogical progress in the |eading available technology. Even in this
setting, the adoption cycle will not be determnistic given that plants are
subj ect to idiosyncratic and common shocks. See Proposition 2 in Cooper
Hal ti wanger and Power (1995) for a formal derivation of this prediction

8 See Andolfatto and MacDonald (1993) for a discussion of large, infrequent
technol ogi cal inprovenents. |In addition, they incorporate a related source of
di screte adjustnment by specifying that the probability of successfully
i nnovating is |less than one. Thus, individual producers nmay attenpt to
i nnovate for several periods prior to achieving success.

° Formally, this can be nodel ed as a cost of adoption that is proportiona
to current output.
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interpreting the problemnore broadly, these costs could be thought of
as the substitution of managerial talent (or other resources) away from
production activities to reorganization/retooling activity. The
presence of such disruption costs provides a potential rationale for
retooling (and associated skill mx changes) to be concentrated in
econom ¢ downturns since the opportunity cost fromthe disruption in
activity induced by the retooling process is low at such tinmes.® Even
in the presence of such disruption costs, there still may be incentives
for procyclical technology adoption if aggregate shocks to profitability
are serially correlated. 1In the presence of positively serially
correl at ed aggregate shocks, a high current shock to profits will inply
hi gher future profits. This can yield procyclical retooling if the
di sruption costs are sufficiently small since a producer would
prefer to have a new technol ogy avail abl e when other factors are
generating high profits.!!

In short, plant-level skill mx changes will reflect changes
in the state of technol ogy, relative wages, and changes in the
scal e of operations (nonhonotheticity). Changes in the state of
technol ogy nmay be lunpy in the presence of nonconvexities in
adj ustnment costs or erratic inprovenents in the | eading avail able
technology. The timng of |unpy technol ogy adjustnent (and
associ ated skill mx changes) wll be influenced by a nunber of
factors including the rate of advance of the |eading technol ogy,
the rate of depreciation of the installed technol ogy, the nature
of the costs of adoption and the nature and persistence of
shocks.

1 Argunents along these lines are devel oped in Hall (1991), Cooper and
Hal ti wanger (1993), and Cooper, Haltiwanger and Power (1995) in terns of
characterizing the response of retooling/reorgani zati on to exogenous aggregate
shocks. Andol fatto and MacDonal d (1993) meke a rel ated argunment in a nodel
wi t h endogenous aggregate fl uctuations.

' See Proposition 5 in Cooper, Haltiwanger and Power (1995).
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B. Wthin Plant vs. Between Plant Changes in the Skill Mx
The di scussion thus far has enphasi zed changes in the skill

mx wthin a plant driven by a variety of possible forces. In

t he aggregate (total econony or industry |evel), observed changes
inthe skill mx wll reflect within plant changes as well as
changes in the enpl oynent shares across plants. That is, using
the notation fromthe previous section, changes in the aggregate
skill m x can be deconposed as foll ows:

AMt = Z (Lit—l/Lt—l)AMit + Z (Mit—17 Mt—l)A(Lit/Lt) + Z A(Lit/Lt)AMit

continuers continuers continuers
)
* Z (L/L)(M=M,_y) - Z (L /L DMy - M)
entering plants exiting plants

where (consistent with the notation used above) M represents the
aggregate skill mx in periodt (in practice, we use the ratio of
nonpr oducti on wor ker enploynent to total enploynment in the
exercises which follow), L, represents aggregate total enpl oynent
and the correspondi ng plant-specific terns are defined
accordingly. The first termrepresents the within plant
conponent for continuing plants between period t-1 and t, the
second the between plant conponent for continuing plants, the
third terma covariance conponent for continuing plants and the
last two terns reflect the contribution of entry and exit,
respectively.2 Mich of our discussion thus far has referred to

2 This deconposition is closely related to, but distinctly different from
t he deconposition used by Berman, Bound and Giliches (1994) anmong ot hers.
Thei r deconposition involves no covariance term since they used average
(across tine) enploynent shares in the within conmponent and average skil
intensities in the between conmponent. W have chosen to represent the
deconposition in this alternative fashion for two reasons. First, our
deconposition easily incorporates the role of entering and exiting plants
while the alternative does not. Second, we think it is interesting to
consi der separately the contribution of the covariance conponent. Note that
in our decomposition, for the between and the net entry terns, each conponent

is deviated fromthe overall initial average skill mx. Thus, the increase in
t he enpl oynment share of a plant contributes positively to the overall change
(continued...)
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the first conponent of this deconposition: the within plant
conponent of changes in the skill m x.

The between plant conponent arises fromthe job reallocation
across plants induced by sectoral and idiosyncratic cost, demand,
or productivity shocks. The above deconposition nmakes cl ear that
between plant job reallocation is only relevant for changes in
the aggregate skill mx if the underlying forces changing total
pl ant -1 evel enploynent are correlated with the skill mx at the
plant. Thus, for exanple, if the demand for products produced by
technol ogi es that are skill intensive increase
di sproportionately then this can lead to an increase in the
aggregate skill mx even if there are no changes in within plant
skill intensities. This may have arisen fromincreased
international conpetition that shifted U S. production away from
low skill intensive products to high skill intensive products.

The process of technol ogy adoption itself is a factor
i nki ng between and within plant changes in the skill mx. For
exanple, if adoption is skill biased and adoption |eads to an
increase in enploynent, then these conbined effects wll produce
a positive covariance. More generally, however, the adoption of
technol ogy will have industry and general equilibriumeffects
t hat generate both between and wthin plant skill m x changes.
First, consider the inplications for changes in relative wages
i nduced by biased technical change. Suppose for the nonent that
nost industries exhibit skill biased technical change. This
skill biased technical change will increase the demand for
skilled | abor and potentially increase the relative wages for
skilled workers. For plants in industries w thout skill biased
techni cal change or for plants that have not adopted the |atest
t echnol ogy, the change in the relative wages will induce a

2(....continued)
only to the extent that it has higher than the average initial skill mx.
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decrease in the skill mx. For plants that are adopting new
technol ogy that is skill biased, the relative wage change w ||
danpen their skill m x change.

Anot her relevant industry equilibriumeffect to consider is
that with stable industry demand, technol ogical progress wll
yield a falling industry price. Depending on the elasticity of
i ndustry demand, this may yield a decrease in industry
enploynent. In terns of the within industry dynam cs, the inpact
i s anal ogous to the between plant effects di scussed above (e.g.,
pl ants that have not adopted will decrease their enpl oynent
share).

In short, there will be an endogenous evol ution of the cross
sectional distribution of technologies (or equivalently, a cross
sectional distribution of vintages of "capital”) within the sanme
industry in this class of nodels. The presence of idiosyncratic
shocks and adoption costs inplies that not all plants will have
adopted the | atest technology in any given period. Further,
common aggregate shocks as well as the distribution of
i di osyncratic shocks affect the evolution of the cross sectional
distribution.®® The evolution of the cross sectional
di stribution of technologies in the presence of biased technical
change in turn generates rich dynamcs in the cross sectiona
di stribution of skill mx changes (the within plant conponent)
and enpl oynent shares (the between plant conponent) which we
attenpt to characterize enpirically.

C. Entry and Exit
Anot her potentially inmportant contributing factor that

appears in the above deconposition is the role of entry and exit.

¥ Andol fatto and MacDonal d (1993) enphasize learning externalities that may
act to induce bunching of technol ogy adopti on as another factor influencing
the evolution of the cross sectional distribution.
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The contribution of net entry may reflect a variety of
alternative factors. First, a large class of rel evant nodel s
(e.g., Canpbell, 1995; Caballero and Hammour, 1994; Lanbson,
1991) points towards entry as being the primary way in which new
technology is introduced into the econony. This class of nodels
is simlar in spirit to the within plant technol ogy adoption
nodel s di scussed above. In this type of nodel, new plants incur
a fixed cost to adopt the latest technology and in turn old
plants with outdated technol ogies are induced to exit. |If
technology is skill biased, then skill m x changes wll| be
observed via the entry and exit process.

A second factor influencing the contribution of the net
entry conponent of equation (2) is that changes in product demand
will inply differential patterns of net entry across industries.
| f product demand changes are correlated with the skill
intensities of the production processes (e.g., demand for high
skill products increases), then this wll yield a systematic
contribution of net entry to the aggregate skill m x change. 1In
our enpirical analysis, we characterize the respective
contributions of entry and exit to changes in the skill m x and
attenpt to distinguish between the various interpretations of the
contribution of entry and exit.

D. Oher Frictions
The nodel s di scussed thus far enphasize one type of

friction, retooling costs associated with introducing a new
technol ogy or fixed costs of opening a new plant. Since we are
interested in exploring the inplications of technol ogical
adoption for job dynamcs, it is inportant to enphasize other
frictions that may be relevant for these changes. The above
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di scussion treats both skilled and unskilled | abor as variable
factors of production. This assunption seens reasonabl e given
that our data are at an annual frequency but even at an annual
frequency sone | abor adjustnent costs (e.g., search, hiring,
firing) may still be relevant.'* This is especially inportant to
the extent that these frictions differ by the skill type of
workers. Since it is often presuned that adjustnent costs are

hi gher for skilled workers, any high frequency changes that we
observe in the skill mx may reflect these differenti al

enpl oynent adj ustnent costs rather than the factors we have
enphasi zed. In terns of our analysis, these adjustnent costs act
as a form of nonhonotheticity in the high frequency fluctuations
inthe skill mx.*® 1In our enpirical work, we attenpt to

di stingui sh between these alternative explanations of changes in
the skill m x at high frequencies.

I11. Data Description, Measurement Issues and An Empirical Road
Map

The data used in this study cone fromthe Longitudi nal
Research Dat abase (LRD) which is a conpilation of the plant-I|evel
data fromthe Census of Manufactures (CM and the Annual Survey
of Manufactures (ASM for the period 1972 to 1988. For each
pl ant - year observation, the data contain detailed information on
production and cost variables such as enpl oynent, shipnents, and
capital investnent.

A. Nonproduction Labor Share as a Measure of Skill

4 Although the enpirical work on | abor adjustnent costs suggests they are
nost relevant for nonthly and quarterly data (e.g., Hanmernesh, 1993; and
Cabal | ero, Engel and Hal tiwanger, 1995a).

% Aclosely related formof nonhonotheticity could arise if there is
over head | abor that consists mainly of nonproduction workers.
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As we briefly discussed in the introduction, a key issue in
this paper is how we neasure workforce skill. The data allow us
to di saggregate enploynent into two types of workers --
producti on workers and nonproduction workers. Production workers
i ncl ude workers "engaged in fabricating, processing, assenbling,
i nspecting, receiving, storing, handling, packagi ng, warehousing,
shi ppi ng, mai ntenance, repair, record keeping, janitorial, and
guard services up through the |ine-supervisor |evel."

Nonpr oducti on enpl oyees are all other workers including "sales,
sal es delivery, clerical, managenent, professional, technica

enpl oyees and construction enpl oyees.” (U. S. Census Bureau
(1991), p. A-1l). Gven these worker classifications, we construct
two different plant-level neasures of skill. The first is the
rati o of nonproduction workers to total enploynent. The second,
is the ratio of wages paid to nonproduction workers to total
payroll. This latter neasure is of interest for a nunber of
reasons. First, the changes in the demand for nore skilled | abor
may be reflected in changes anong producti on and anong

nonpr oduction workers rather than in shifts between production
and nonproduction workers. Exam ning the nonproduction worker
wage share provi des sonme perspective on this problem Second, a
shift in demand towards skilled workers will be understated in
exam ning the ratio of nonproduction workers to total enpl oynent
given that the inplied increase in the skill premumw I | danpen
t he enpl oynent changes. Third, the cost share energes as the

rel evant dependent vari abl e when consi dering specific functional
forms (e.g., translog) of the cost function. Since we exploit

such specifications in the analysis in section VIl it is useful
to characterize the skill mx changes fromthis perspective as
wel | .

One obvious question is whether these two alternative
measures (enploynent and cost share based) of the nonproduction
| abor share are reasonabl e neasures of skill. One piece of
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evi dence that suggests the production/ nonproduction worker
distinction is closely linked to skills is the wages paid to
these workers. To the extent that the | abor market in U S
manuf acturing can be viewed as conpetitive, then workers with a
hi gher margi nal product (nore skill) should receive higher wages.
Davi s and Hal tiwanger (1991), using data fromthe LRD from 1963
to 1986, show that the average wage of nonproduction workers is
$12.86 per hour, while the average wage of production workers is
$8.56 per hour. Davis and Halti wanger al so show that the
di fference between nonproducti on worker and production worker
wages rises by 29 percent between 1975 and 1986. These nunbers
suggest that, at |east based on wages, nonproduction workers are
nmore skilled than production workers, and also the return to
bei ng a nonproduction worker has increased over this period
(which may reflect either an increased skill prem um or increases
in the relative skills of nonproduction workers).

An alternative, commonly used, neasure of skill is
education. To see whether plants with relatively nore
nonpr oducti on worker |abor al so enpl oy nore educated workers, we
use data fromthe Wrker-Establishnment Characteristics Database
(VWECD) to exam ne the educational distribution of workers within
plants. The WECD is a cross-sectional enpl oyee-enpl oyer matched
dat abase created at the U S. Census Bureau (see Troske (1995) for
details). Using these data we find that only 7.4 percent of
workers in plants in the | owest nonproduction share quartile have

* One factor that may be inportant in considering these wage differences is
if workers use different neans to acquire human capital. For exanple, if
nonpr oducti on workers acquire nost of their human capital by attending school
whi | e producti on workers purchase training fromtheir firmthrough | ower
wages, then these wage differentials may sinply reflect the difference in how
wor kers pay for human capital. However, evidence fromthe training literature
suggests that this is not the case. First, white collar workers are nore
likely to receive training than blue collar workers (Amirault, 1995; Atonji
and Spletzer, 1991). Second, even anpng production workers, it is the nost
educat ed production workers who are the nost likely to receive training (Lynch
and Bl ack, 1995).
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Bachel ors degrees while 21.1 percent of workers in plants in the
hi ghest nonproduction share quartile have Bachel ors degrees. In
addi tion, Berman, Bound and Giliches (1994) using data fromthe
1987 CPS show that only 17 percent of blue collar workers have
nmore than a high school degree, conpared with 35 percent of
clerical workers, 70 percent of sales workers and 78 percent of
managers and professionals. Finally, Davis and Hal tiwanger
(1991), using data fromthe CPS from 1973 to 1987 show that, in
U.S. manufacturing, the percent of hours worked by individuals
with less than a high school diploma falls from 33 percent to 20
percent, while the percentage of hours worked by individuals with
a college degree rises from1ll percent to 18 percent.

Anot her means of evaluating the link to skill upgrading is
to consider the occupational changes within these groups. Using
CPS data for the 1970s and 1980s, Berman, Bound and Giliches
(1994) show that, both in levels and changes, the white collar
share of total manufacturing enploynent in the CPS is very
simlar to the nonproduction | abor share generated fromthe ASM
The di screpancy between the white collar share and the
nonpr oducti on worker share is never greater than two percentage
poi nts over the 1970s and 1980s. It is striking that asking
establishments to classify workers and asking workers to classify
t hensel ves yields such simlar results. Gven the tight link
bet ween the production/ nonproduction and blue collar/white collar
di stinctions, Berman, Bound and Giliches (1994) show that within
the white collar occupations there was an increase in the
percent age of managers, professional and technical workers, and a
decrease in the percent of clerical workers. They also show that
wi thin the blue collar occupations there was an increase in the

¥ These results al so sonewhat alleviate concerns that it has becone
increasingly difficult for establishnents to classify workers into production
and nonproducti on categories.
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percentage of craft workers and a decrease in the percentage of
operatives, |aborers and service workers. Thus, the shifts anong
white and blue collar workers that acconpanied the overall shift
towards white collar workers are consistent with skill upgrading
on an occupational basis.!®

B. Data Sets
Qur study uses three main subsets of the LRD. The first

subset is the |inked ASM which is an unbal anced sanpl e of

manuf acturing plants for the years 1972 to 1988. This is the
sane data set used in Davis and Hal ti wanger (1992) and Davis,

Hal ti wanger and Schuh (1996). The advantage of this data set is
that it is a representative sanple of plants in U S

manuf acturing including entering and exiting plants. The

di sadvantage of this data set is that the ASMis a five year
rotating panel which makes | ongitudi nal anal ysis across ASM
panels difficult. Accordingly, the second data set we use is a
subset of the |inked ASM data and includes plants that appear in
the ASMin all years. W refer to this data set as the bal anced
panel. This data set has 11,239 plants and covers approxi mately
38 percent of average annual manufacturing enpl oynent over the
period 1972 to 1988. Figure 2 shows the nonproduction | abor
share in terns of enploynment and payroll for total manufacturing
and the bal anced panel over the 1972 to 1988 period. In both
graphs, the basic trend in the bal anced panel is virtually
identical to total manufacturing. The third data set is based on
the 1972, 1977, 1982 and 1987 CMs. It is a linked data set of
t he uni verse of plants which appear in each census year. This

8 Davis and Hal tiwanger (1991), also using CPS data, document that nuch of
t he secul ar decrease in blue collar workers in the 1980s is accounted for by a
sharp decrease in operatives and | aborers concentrated in the 1979 to 1982
period. This latter finding is significant given that much of the overal
secul ar increase in the nonproduction | abor share depicted in Figure 1 is
concentrated in the 1979 to 1982 peri od.
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data set is simlar to that used in Dunne, Roberts, and Sanuel son
(1989) and is used here to neasure entry and exit. Appendix A
provi des detail ed explanations and forrmulas for all variabl es
used in the study.

In addition to the above data sets, we also utilize
suppl enentary data on research and devel opnent expenditures
(R&D), technol ogy adoption, and central adm nistrative office
(CAO enploynent. The R&D data cone fromthe National Science
Foundation’s Annual R&D Survey which is a firmlevel survey of
all major R&D performers in the U S. Using these data, we
construct neasures of the change in the R& stock of the firm and
match this firmlevel information to the plant-1level data. The
i nformati on on technol ogy use cones fromthe 1988 Survey of
Manuf acturi ng Technol ogy. This survey contains data on the use
of 17 manufacturing technol ogies including robots, |ocal area
net wor ks, conputer-automated desi gn and flexi bl e manufacturing
cells. Both of these data sources are used to generate proxies
for plant-level technol ogy adoption that, conbined wth our data
on wor kforce conposition, output, and capital, are used to nodel
capital -skill conplementarity. Finally, the CAO data contain
i nformati on on the enploynent of nonproduction |abor in
nonmanuf acturing facilities that support the manufacturing
establishnments of the firm These include headquarters, research
and devel opnent | aboratories, and ot her nonmanufacturing
facilities. W use these data to exam ne whet her changes in
nonproduction | abor share in manufacturing plants are related to
changes in the share of firmenploynment in CAGs.

C. An Enpirical Road Map
Qur enpirical analysis of the connection between plant-I|evel

t echnol ogi cal adopti on and enpl oynment dynam cs proceeds in two
stages. First (in sections IV-VI), we undertake a conprehensive
exam nation of the tine series evolution of the plant-I|evel
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di stribution of enploynent changes across worker types. Second
(in section VII), we investigate the connection between
observabl e di nensi ons of plant-Ievel changes in technol ogy and

t he nonproduction | abor share. Qur notivation for the first
stage is twofold. First, the aggregate (industry-Ilevel) changes
i n enpl oynent across worker types may provide a m sl eading
characterization of the plant-level dynam cs. Second, a change
in the workforce conposition at an individual plant is itself an
i ndex of a change in the state of technology at the plant. As
such, we can potentially |earn nuch about the dynam cs of

t echnol ogy adoption by focusing on the within and between pl ant
dynam cs of workforce restructuring.

IV. Decomposition of Nonproduction Labor Share Changes

In this section, we present basic deconpositions of the
changes in the nonproduction | abor share focusing on the relative
contributions of within plant changes, between plant changes, and
net entry, to the aggregate change in the nonproduction | abor
share. The top half of Table 1 presents the results fromthe
deconposition given in equation (2) for the 1972-87 | ong
di fference change in nonproduction | abor share using the Census
of Manufactures in these two years as well as the intervening
i ntercensal changes. The | argest conponent is the within plant
conponent whi ch accounts for 43 percent of the total change in
t he nonproduction | abor share from 1972 to 1987. The dom nance
of the within plant conponent is maintained for each of the
i ntercensal changes, although the between plant conponent becones
somewhat nore inportant in the 1977 to 1982 period (accounting
for nore than 25 percent). The contribution of the covariance is
smal | and sonetines negative (less than 10 percent on average).
As will becone clear, underlying this relatively small covari ance
termis tremendous heterogeneity in the nature of the covariation
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bet ween changes in nonproduction | abor share and changes in

enpl oynent shares. The net entry conponent exhibits a sonewhat
different pattern in the long difference (1972-87) than in the
five year changes. 1In the long difference, the inpact of net
entry is positive and substantial. |In contrast, in the five year
changes, the contribution of net entry is much smaller and the

i npact of net entry is actually negative in the 1972-1977 peri od.
We provide a nore detail ed discussion of the role of entry and
exit bel ow.

The lower half of Table 1 reports summary statistics for the
deconposi tion of annual changes in the nonproduction |abor share
over the period 1972-88 using the entire ASM sanple and our
bal anced panel of continuing plants.® The results for both the
ASM sanpl e and the bal anced panel echo those fromthe intercensa
analysis. Both the within and the between conponents contribute
on average positively to the overall annual average change in the
nonpr oduction | abor share with the within plant conponent

¥ A recent study by Bernard and Jensen (forthconing) has al so anal yzed
pl ant -1 evel changes in the nonproduction | abor share using a bal anced panel of
plants with somewhat different conclusions so it is worthwhile to discuss the
sources of the differences. Their nethodol ogy and data for cal cul ati ng what
they denote as between and within effects are quite different fromours which
makes conparisons difficult. To overcone these difficulties of comparability,
we have exam ned the Berman, Bound and Giliches (1994) (BBG for the reminder
of this footnote) type of deconposition for our bal anced panel since the
met hodol ogy used by Bernard and Jensen is closer in spirit to the BBG type of
deconposition (although not the sane given their treatnment of ASM sanpling
wei ght s and neasurenent of enploynent and wage shares). Using our bal anced
panel , the magnitudes and the time series variation in the between and within
effects are very simlar across the two deconposition (whether one uses an
enpl oynment - based or cost-based nmeasure). W have, however, noted sone
i mportant sensitivity to the subperiods over which one exam nes the
deconposition. Bernard and Jensen focus on two subperiods: 1973-79 and 1979-
87. They argue that the between plant effect is particularly inmportant for
the latter period when one uses a cost-based neasure. W find a simlar
result for this subperiod and for the cost-based neasure as well, although
unlike their results, we always find that the within plant conponent
dom nates. Over the entire 1972-88 period, we find that the annual average
contribution of the between plant conponent to the overall change is about 1/3
usi ng the cost-based neasure and the BBG type of decomposition. For the 1979-
87 period, the contribution of the between plant conponent is about 40 percent
using the cost-share neasure and the | atter deconposition

23



dom nating. The dom nance of the within plant conponent is
especially dramatic for the analysis using the entire ASM sanpl e.
The covariance termis negative and relatively small.

Turning back to the contribution of entry and exit, at an
annual frequency, the net entry effect is positive but very
small. On average, entering plants tend to have a slightly | ower
nonpr oduction | abor share than the initial nonproduction |abor
share for all plants in the year prior to entry (the average
difference is -0.0038) and exiting plants have a substantially
| ower nonproduction | abor share than the average nonproduction
| abor share of all plants in the year prior to exit (the average
difference is
-0.0119). Since entering plants have a hi gher nonproduction
| abor share than exiting plants, net entry contributes positively
to the overall change. However, entering plants only constitute
about 1.4 percent of enploynent and exiting plants only about 2.1
percent of enploynent at an annual frequency. These small shares
inply that the overall contribution of net entry at an annual
frequency is snall

In the long difference, however, entry and exit play a
substantial role. To examne this issue in nore depth, Table 2
reports the enpl oynent share and nonproduction | abor share for
entering and exiting plants for the three intercensal periods and
the long difference. Three main points energe. First, in the
three intercensal periods, the enploynent shares of entering and
exiting plants average about 12 percent. However, in the |ong
difference, these shares rise to above 30 percent. Second,
conparing the nonproduction |abor share across entering and
exiting plants, entering plants generally have a higher
nonpr oduction | abor share than exiting plants. 1In the |ong
di fference, the nonproduction | abor share of entering plants
exceeds that of exiting plants by .0577. This fact conbined with
the fact that entrants accumul ate a substantial share over the 15
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year period explains why the net entry conponent is relatively
large in the long difference.

Third, as is true in the annual data, entering and exiting
pl ants have a | ower nonproduction | abor share than conti nuing
plants. In the case of entering plants, this may be a bit
surprising since, as discussed in section I1.C, it is often
conjectured that entering plants will have the | atest
technol ogi es and therefore should use nore skilled workforces.
Thi s hypothesis neglects the fact that entrants are nuch smaller
t han conti nuing operations and small plants generally have a
| ower nonproduction | abor share than large plants. 1In results
not reported here, we conpared simlarly sized entering plants to
continuing plants, controlling both for industry and | ocation. ?
In the case of large plants (nore than 1000 enpl oyees), | arge
entrants had a hi gher nonproduction | abor share than | arge
i ncunbents. This was particularly evident in 1982 where the
nonproducti on | abor share of large entering plants exceeded the
nonproducti on | abor share of large continuing plants by .0456.
However, smaller entrants still had a | ower nonproduction | abor
share than smal |l er incunbents.

How do these findings relate to plant-1evel technol ogy
adoption and workforce skill? As we discussed in section Il, if
t he aggregate nonproduction | abor share change is being driven by
t echnol ogi cal upgradi ng of plants either through the entry-exit
process or through the retooling/reorganization of existing
plants, then either the within plant conponent and/or the net
entry conponent should contribute heavily to the observed rise in
t he nonproduction | abor share. Over the long run, the within and

2 W estimate a sinple descriptive regression of the nonproduction | abor
share with controls for four-digit industry, state, whether the plant is in
an SMBA, and size interacted with a dunmy variabl e indicating whether a plant
is arecent entrant. The results of these regressions are avail able upon
request.
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the net entry conmponents jointly account for 80 percent of the
nonpr oducti on | abor share change. However, it is inportant to

| ook nore closely at the net entry conponent. |If the difference
in the nonproduction | abor share between entrants and exiters
ari ses because entry is concentrated in high nonproduction | abor
share industries while exit is concentrated in | ow nonproduction
| abor share industries, then changes in product demand (that

i nduce entry and exit in this particular fashion) could generate
the net-entry effect. To explore this possibility, we deconposed
the change in skill due to entry-exit over the 1972 to 1987
period into a within industry conponent, a between industry
conponent and a covariance term? W find that the within

i ndustry conponent accounts for 55 percent of the change while

t he between conmponent accounts for 35 percent of the change (the
remai nder is the covari ance conponent). Gyven this result and
the generally Iarge within plant conponent, it is tenpting to
concl ude that the observed change in the aggregate nonproduction
| abor share reflects skill-biased technol ogi cal adopti on.
However, as will|l becone apparent in the succeedi ng sections,
whil e this conclusion may be appropriate, the story is

consi derably nore conplicated once one considers the timng and
het erogeneity in the nonproduction | abor share changes across

pl ant s.

V. Cyclical Dynamics of Nonproduction Labor Share Changes

A. Between vs. Wthin Deconposition

2 gpecifically, we deconposed the difference in the nonproduction | abor
share between entering and exiting plants in the long difference (1972 to
1987) into the within industry, between industry, and covari ance conponents.
The unit of analysis for this exercise is a four-digit industry unlike the
deconposition given in (2) where the unit of analysis is the plant. Thus, for
exanpl e, the within conponent is the difference in nonproduction |abor share
between entrants and exiters at the industry |level weighted by the initial
exiters’ share
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We now turn our attention to investigating the cyclical
patterns of the nonproduction | abor share changes. W begin by
investigating the respective contributions of the between and
wi thin plant conponents to the aggregate cyclical changes in the
nonpr oduction | abor share. The top panel of Figure 3 depicts the
annual aggregate changes and the conponents of the annual changes
fromthe deconposition for the bal anced panel.?> Four results
stand out. First, the dom nance of the within plant conponent is
clearly evident. Second, the nonproduction |abor share change
exhi bits sharp increases in econom c downturns in manufacturing.
The sharp increases in economc downturns are only partially
offset by mld decreases in the nonproduction | abor share at the
begi nni ng stages of recovery (e.g., 1976 and 1984). Third, the
pronounced countercyclicality of the nonproduction |abor share
change is primarily a within plant phenonenon. Fourth, the nost
pronounced positive increases in the nonproduction |abor share
are concentrated in the 1979 to 1982 peri od.

The | ower panel of Figure 3 depicts the equival ent
deconposition but uses the ratio of nonproduction worker wages to
total wages as the neasure of the nonproduction |abor share. The
results for the cost-share neasure are very simlar to the
enpl oynent - share neasure. The volatility of the cost-share based
vari abl e i s sonmewhat higher than the enpl oynent-share based
measure but the tine series patterns are virtually identical
Again, the within plant conponent of the nonproduction |abor
share changes dom nate the overall changes. The pronounced
countercyclicality and the key role that the 1979-82 period play
remai n evident.

2 (bvi ously, when we consider the bal anced panel we niss the role of entry
and exit. However, given the small role that net entry plays in accounting
for annual changes, this is not too great of a problem
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One obvi ous explanation for the countercyclicality of the
nonpr oduction | abor share change is the well known result that
production worker enploynent is nore cyclically sensitive than
nonpr oducti on worker enploynent. As discussed in section Il.D
hi gher | abor adjustnent costs for nonproduction workers are
likely to be relevant in this context even though we are using
annual data. Wile this may be part of the explanation, it is
far fromthe conpl ete explanation of the countercyclicality.

This is already evident fromthe asymmetry in the changes in the
nonpr oduction | abor share over the cycle. To investigate the

i nportance of transitory changes in the nonproduction |abor share
nmore directly, we conpute persistence rates for the annual within
pl ant nonproduction | abor share changes for one, two and three
year horizons. The persistence rate for an individual plant over
a one year horizon represents the fraction of the change from
year t-1 tot that remains in year t+1.2 The two and three year
persi stent nmeasures are defined accordingly although we require
the two year (three year) neasure to be less than or equal to the
one (two) year neasure.

The average (across plants) annual one, two and three year
persi stence rates for the enploynent based nonproduction | abor
share changes are depicted in the top panel of Figure 4. About
60 percent of the plant-Ievel changes persist for one year, about
45 percent persist for 2 years and about 40 percent persist for 3
years. Further, the persistence rates are relatively stable over
time and do not exhibit any systematic cyclical pattern. These
high and relatively stable plant-level persistence rates inply
that a large fraction of the overall w thin plant changes
reflects relatively permanent changes in the nonproduction | abor
share at the plant. The | ower panel of Figure 4 depicts the one,

2 The precise formulas for these persistence neasures are presented in
Appendi x A
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two and three year persistent conponents of the enploynent-

wei ghted, within plant, nonproduction |abor share changes.? The
inmportant result that energes is that the persistent conponent of
the within plant changes exhibits pronounced countercyclicality.
This result indicates that the countercyclicality of the within
pl ant changes does not sinply reflect the within plant shedding
of production workers in recessions and then the sanme pl ant

hi ri ng producti on workers back in the recovery.

Even though the persistent conponent of the within plant
changes is concentrated in downturns, the degree to which this is
true varies across business cycle episodes. In the | ower panel
of Figure 4, the fraction of the |large positive spikes in the
wi thin plant changes that persists is greater in the early 1980s
than in the md 1970s recession. This is consistent with the
i ntercensal analysis which indicates that nost of the |long run
changes over the 1970s and 1980s are concentrated in the 1977-82
peri od.

B. Job Creation and Destruction, by Wrker Type

In this section, we exanm ne job creation and job destruction
by worker type. By job creation for a specific worker type, we
mean the aggregate enploynent gains for the worker type by plants
t hat are expandi ng enpl oynment of that worker type. Simlarly, by
j ob destruction, we nean the aggregate enploynent | osses for the
wor ker type by plants that are contracting the enpl oynent of that
wor ker type. We convert these neasures to rates by dividing the
relevant flow by the average aggregate enpl oynent for that worker

24 These are generated by calculating the persistence rate at the plant
| evel for each year and then multiplying the persistence rate by the within
pl ant change. The plant-1level persistent conponents are then aggregated using
the rel evant enpl oynent shares. Thus, these neasures reflect the persistent
conmponents of the first termin the deconposition in (2).
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type for the prior and current period.?® Wile the between plant
job flows based on total plant-I|evel enploynent have been studied
extensively in the recent literature, there has been conparably
little analysis of the job flows by worker type. For current

pur poses, the latter flows underlie not only the between pl ant
total enploynment flows but also the within plant changes in the
nonpr oducti on | abor share.

Table 3 presents the job creation and destruction rates by
wor ker type at annual and five year frequencies. The rates for
the annual flows are reported for the entire ASM sanple (for al
years) and for the bal anced panel of plants.? The rates for the
five year changes are based on the Census of Manufactures. Sone
key correlations and other summary statistics are reported for
t he annual tabulations in Table 4. Somewhat surprisingly, the
rates of job creation and destruction for nonproduction workers
are roughly on the sane order of magnitude as the equival ent
rates for production workers. This finding holds at both annual
and five year frequencies. Wile the magnitudes of the rates are
very simlar, the magnitudes of the tinme series volatility are
quite different across worker types. At an annual frequency, the
time series standard deviations for both creation and destruction
are substantially higher for production than nonproduction
wor kers. For both worker types, job creation is procyclical, job
destruction is countercyclical, the variance of job destruction
is about twice that of creation, and the job reallocation (for
the specific worker type) is countercyclical. Thus, the well

2 Precise formulas for our neasures of job creation and destruction are
presented in Appendix A. Using the average of enploynment in the current and
prior period is consistent with the nethodol ogy used by Davis, Haltiwanger and
Schuh (1996). See the latter for notivation and further discussion.

26 Unlike other neasures reported here (e.g., those in Table 1) using
the entire ASM sanple, we are able to report job flows for all years. For
this purpose, we exploit the nethodol ogy devel oped by Davis, Haltiwanger and
Schuh (1996) to construct job flows for the first years of each ASM panel.
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known cyclical properties of job creation and destruction for
total enploynment hold for both production and nonproduction

wor ker enploynent. |In addition, the average persistence rates
(constructed in an anal ogous manner to the persistence rates for
t he nonproduction | abor share changes -- see Appendix A) reported
in Table 4 indicate that the job creation and destruction
patterns |largely reflect permanent changes. The persistent job
fl ow dynam cs underlie the persistent nonproduction | abor share
changes depicted in Figure 4.%

Within vs. Between Plant Job Reallocation

Deconposing job flows by worker type permts evaluating the
contribution of within plant job reallocation to nonproduction
| abor share changes.? That is, the extent to which
nonproducti on | abor share changes are undertaken via the
si mul t aneous i ncrease in enploynent of one worker type and the
decrease in enploynent of the other worker type wthin the sane
plant. Wthin plant job reallocation can be neasured directly at
t he individual plant |evel by sunm ng the job creation and
destruction of both worker types and then subtracting the
absol ute val ue of the net change in total enploynent at the
plant. Along with a neasure of between plant job reallocation

% Though we do not present the detailed analysis herein, we al so exani ned
the tine series patterns of the persistence rates for job creation and job
destruction for both production and nonproduction workers. Qur basic finding
is that the persistence rates are not strongly correlated with the cycl e but
are especially high in the 1980s. Accordingly, the high persistence rates in
the 1980s underlie the especially high persistent conponent of the
nonpr oducti on | abor share changes in the early 1980s.

21t is inportant to avoid confusing the between/w thin nonproduction | abor
share deconposition conponents with between and within plant job reallocation
A plant can exhibit large within plant changes in the nonproduction | abor
share with no within plant job reallocation. Simlarly, a plant can
contribute significantly to between plant reallocation via a |arge change in
total enploynment while making no contribution to the overall change in the
nonproduction | abor share (e.g., if the plant has the average nonproduction
| abor share and makes no change in the nonproduction |abor share).
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(the sum of creation and destruction using total plant-Ievel
enpl oynent), total job reallocation is sinply the sum of between
and within plant job reallocation.?®

Tabl e 5 presents estinmates of between plant, wthin plant,
and total job reallocation. Results are reported at the annual
frequency for the entire ASM sanpl e, our bal anced panel and
average intercensal rates fromthe Census of Munufactures.
Annual between plant reallocation for 1972-88 is 19.2 percent of
enpl oynent, within plant job reallocation is 2.7 percent, and
thus total job reallocation is 21.9 percent.® Surprisingly, the
relatively nodest role for wwthin plant job reallocation al so
hol ds for five year changes. Plant-|evel changes that involve
i ncreasing the enploynent of one worker type and decreasing the
enpl oynment of the other worker type are relatively uninportant in
accounting for total job reallocation.

One issue that Table 5 does not directly address is the
i nportance of within plant job reallocation to changes in the
nonpr oduction | abor share. Plants can change their worker m x by
ei ther swappi ng one type of worker for another or by changing the
scal e of operations and sinultaneously increasing or decreasing
production and nonproduction workers at differential rates. W
deconposed the change in nonproduction | abor share into these two
conponents -- the percent due to changes in scale and the percent

2 Between plant job reallocation is the job reallocation neasure used
in Davis and Hal tiwanger (1992). For the purposes of constructing nmeasures of
between, within and total reallocation, creation and destruction for al
wor ker types and total enploynent are neasured as a fraction of tota
enpl oyment (again, using the average of the current and prior period). See
Appendi x A for precise definition of these measures.

% VWile we do not report the details of the results, we have al so exani ned
the cyclical behavior of within plant job reallocation. Unlike the strongly
countercyclical between plant job reallocation, the annual wi thin plant
reallocation is essentially acyclical. The acyclical nature of wthin plant
job reallocation inplies that it plays little role in the cyclical volatility
of nonproduction | abor share changes.
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due to swapping.3 This deconposition shows, that on an

enpl oynent wei ght ed basis, about 30 percent of the w thin plant
change in nonproduction | abor share is accounted for by

repl acenent of one worker type for another (swapping) and 70
percent is accounted for by scale effects. These results
suggest, to the extent that the nonproduction |abor share changes
reflect technol ogy adoption, this typically does not sinply

i nvol ve the sinmultaneous sheddi ng of one type of worker and
hiring of the other type of worker but rather is nore likely
acconpani ed by a change in the size of the establishnent. 32

C. The Connection Between Long Run Structural Change and

Cyclical Dynam cs

In characterizing plant-1evel changes in the nonproduction
| abor share thus far, we have explored both |Iong run changes and
hi gh frequency changes but we have not |inked the two together.
In this section, we consider sone sinple enpirical exercises to
characterize the connection between the | ong run structural
changes and the cyclical dynam cs.

We begin our analysis by exam ning the heterogeneity in the
I ong run structural changes across plants. For this purpose,
pl ants are divided into four quadrants based upon their |ong run
changes (from 1972 to 1988) in nonproduction | abor share and | ong

% O course, plants may be changi ng scal e and swappi ng workers
si mul taneously (e.g., increasing one type of worker, decreasing the other type
and changi ng scal e simultaneously). Qur calculations on the contribution of
swappi ng and scal e changes are thus based upon the foll owi ng deconposition
For plants with enpl oynent changes of both worker types in the sane direction
t he swappi ng conmponent is equal to zero. For plants with enpl oynent changes
of each worker type in opposite directions, the swappi ng conponent is equal to
the fraction of the within plant change due to pure swapping effects. The
latter is calculated at the plant [evel fromthe m ni mum absol ute val ue of the
two enpl oynent changes.

2 The small contribution of within plant swappi ng of one worker type for
another also inplies that the within plant changes in the nonproduction worker
share that we observe are not associated with sinple rel abeling of worker
titles within the plant.
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run changes in their share of manufacturing enploynent (e.g.,
quadrant | includes plants that increased their nonproduction
| abor share and their share of total manufacturing enploynent).
For all of the exercises considered in this section we use only
t he bal anced panel of continuing plants. Table 6 presents
summary statistics of the long run changes by quadrant. The | ast
row of the table characterizes the relative contribution of each
of the quadrants to the total change based upon a nodification of
t he deconposition given in equation (2).3

Pl ants that increased both nonproduction | abor share and
enpl oynent share (quadrant 1) accounted for alnost all of the
aggregat e change by thensel ves (al nost 85 percent). This result
reflects the | arge change i n nonproduction |abor share and the
interaction of the |large change in enploynent share with a high
initial nonproduction | abor share. Plants that increased
nonproducti on | abor share but decreased enpl oynent share
(quadrant 11) accounted for another 52 percent of the aggregate
change. Even though quadrant Il plants exhibit al nost the sanme
nonpr oduction | abor share increase as quadrant | plants, quadrant
Il plants contribute less to the total because of the negative
covariance (rising nonproduction |abor share but falling
enpl oynent share). Quadrants | and Il together account for nore
than the total increase as their contribution is offset by plants
t hat decreased their nonproduction | abor share (quadrants Il and
V). Quadrant IV s negative contribution is muted sonewhat since
it exhibited a large increase in enploynent share along with a
relatively high initial nonproduction | abor share. The sharply
different patterns across quadrants along with the nontrivi al

3 W performthe deconposition in equation (2) in which the unit of
analysis is the aggregated data by quadrant. The contribution of each
guadrant to the total is given by the sumof the conponents of each of the
three ternms (between, within and covariance) for each quadrant. G ven that we
are using the bal anced panel for this exercise, the contribution of net entry
is zero.
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fraction of enploynent in each of the quadrants highlights the
t remendous heterogeneity in the nonproduction |abor share changes
and in the covariation between nonproduction | abor share changes
and changes in enploynent share. The finding of |arge scale
changes (neasured in terns of enploynent) that acconpany
nonproducti on | abor share changes hel ps account for the | ow
contribution of within plant job reallocation to total
reall ocation reported in the previous subsection.

A primary notive for exam ning the behavior by quadrants is
to understand the connection between the | ong run changes
exhi bited by an individual plant and the cyclical patterns of the
nonpr oduction | abor share changes for the plant. Figure 5
depi cts the annual nonproduction | abor share changes and
enpl oynent share changes for plants in each of the quadrants. A
striking feature of this figure is that quadrant | plants have
positive nonproduction | abor share changes in 15 of the 16 years
and positive enploynent share increases in all years. Even with
this remarkabl e upward consi stency, quadrant | plants exhibit a
pronounced countercyclicality in their nonproduction | abor share
changes. Wile there are sonme rough simlarities in the cyclica
patterns of the nonproduction |abor share changes across
quadrants, the experience in the early 1980s recessi on and
subsequent recovery is very different across quadrants.
Quadrants | and Il concentrated nmuch of their long run increase
in the nonproduction |abor share in the early 1980s recession.
In contrast, quadrants Il and IV concentrated nmuch of their
decrease in the nonproduction | abor share in the post-1982
period. Since there are distinct groups of plants accounting for
the upward vs. the downward novenents and the different groups
exhibit different cyclical patterns, these results reinforce the
conclusion that the observed countercyclicality of the changes in
t he nonproduction | abor share are not driven sinply by plants
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sheddi ng production workers in recessions and then the sane
pl ants rehiring production workers in boons.

The different cyclical patterns across quadrants pronpt us
to | ook even deeper at the nature of the nonproduction |abor
share job dynam cs across quadrants. Figure 6 depicts job
creation and destruction rates by worker types across quadrants.
Summary statistics for these job flows are reported in Table 7.
The magni tudes and cyclical dynamics of the job flows vary
dramatically across quadrants. |In quadrant |, on average, job
creation for both production and nonproducti on workers
substantially exceeds job destruction. The substantial increase
in the nonproduction | abor share and enpl oynent share i n gquadrant
| is generated by very high rates of job creation for both types
of workers with especially high rates for nonproduction workers.
The volatility of destruction is about the sanme as that for
creation for production workers in quadrant | and for
nonproducti on workers there is actually greater relative
volatility of creation. |In quadrant Il, the picture is al nost
reversed. The substantial increase in the nonproduction |abor
share (and the acconpanyi ng decrease in the enploynent share) is
generated by very high rates of job destruction for both worker
types with especially high job destruction rates for production
wor kers. The job destruction for both types of workers and
especially production workers is concentrated in the early 1980s
and overall there is nuch greater volatility of destruction as
conpared to creation. In quadrant |I1l, the decrease in the
nonpr oducti on | abor share and acconpanyi ng decrease in enpl oynent
share is accounted for by high rates of job destruction for both
wor ker types and enornous rates of job destruction for
nonproducti on workers in the 1980s.3 Quadrant |Il also exhibits

% In evaluating these high rates, it nust be enphasized that these rates
(continued...)
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a pronounced asymmetry in the cyclical volatility of destruction
relative to creation. |In quadrant 1V, the decrease in the

nonpr oduction | abor share and the acconpanying increase in

enpl oynent share is generated by high rates of job creation for

both worker types and especially high job creation rates for
production workers. The volatility of creation and destruction

are about the sane in quadrant |V. Overall, then, two distinct
patterns energe. First, we see that the Iong run changes in the

nonpr oduction | abor share are largely driven by individual plants

i ncreasi ng or decreasing both types of workers. Second, the

overall cyclical asymetry in the volatility of job creation and
destruction (i.e., job destruction is nore volatile than creation) is
nmostly driven by long run downsi zers. For long run upsizing plants, the
volatility of creation is about the sanme as the volatility of
destruction.

D. Putti ng the Pi eces Toget her

Deconposi ng the aggregate changes in the nonproduction |abor share
reveals that the cyclical patterns are dom nated by within plant changes
in the nonproduction |abor share. Several aspects of the results point
towards an inportant conponent of the latter reflecting permanent
reorgani zati ons of plant-|evel workforces being concentrated in
downturns rather than the alternative hypothesis that the cycli cal
nonproducti on | abor share changes reflect a short run nonhonotheticity
given greater cyclical flexibility of production worker enploynent.
First, the changes are asymmetric over the cycle. Second, a |large
fraction of the increases in the nonproduction | abor share in downturns
reflect persistent changes in the within plant conponent of the
aggregate change in the nonproduction | abor share. Third, plants with a
I ong run increase in the nonproduction | abor share concentrated their
increase in the recession of the early 1980s. In contrast, plants with

3(...continued)
are based on the bal anced panel. Recall from Table 3 that the bal anced panel
exhibits substantially | ower rates of creation and destruction than the entire
ASM panel . Thus, the rates of job destruction of nonproduction workers for
quadrant 1l in the 1980s are astoundi ngly high.
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a long run decrease in the nonproduction | abor share concentrated their
decrease after 1982.

Vl. The Concentration and Timing of Plant-Level Changes in
Nonproduction Labor Share

A. The Distribution of Plant-Level Changes in the Nonproduction Labor

Share

Lunmpy technol ogy adoption nodels (like those discussed in section
1) along with skill biased technol ogical adoption inply that plants
wi || experience |arge, abrupt changes in their nonproduction | abor share
in periods when they retool and reorganize their production process. To
begin exam ning this hypothesis, the top panel of Figure 7 plots the
di stribution of annual plant-|evel changes in the nonproduction |abor
share for all plants in the ASMfrom 1972-88 who have non-zero
enpl oynment in adjacent years.®* The distribution is weighted by tota
enpl oynent at the plant in the initial year of each change so that each
bar represents the fraction of enploynment in the pool ed plant-year
observations wth a given nonproduction | abor share change. Summary
statistics for the distribution are reported in appendi x Table A 1.
There are three striking features of this figure. First, thereis a
very large spike at zero.%¢ Plants with essentially no change in the
nonproduction | abor share in a given year constitute about 23 percent of
enpl oynment. Second, while the distribution is slightly skewed to the
right, reflecting the overall increase in the nonproduction | abor share

% First ASM panel years, 1974, 1979 and 1984, are excluded fromthe
tabul ati ons used in constructing this figure because of panel rotation. Note
that the distribution for the bal anced panel |ooks essentially the same as the
top panel, as does the distribution of annual nonproduction | abor share
changes neasured by the share of nonproducti on worker wages di vided by tota
wages.

%  The spike at zero is the fraction of enploynent w th nonproduction
| abor share changes | ess than 0.005 in absol ute val ue.
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over this tinme period, there is trenmendous heterogeneity in the

di stribution of nonproduction | abor share changes. The relatively smal
mean annual change (0.0048) is generated by |arge annual positive gross
changes (average equals 0.0231) in the nonproduction | abor share by one
group of plants and sinultaneously |arge annual negative gross changes
(average equals -0.0183) in the nonproduction | abor share by anot her
group of plants. Third, the distribution exhibits fat tails (excess
kurtosis is very high -- see Table A 1) and the fat tails account for
nost of the gross changes. Plants with positive nonproduction | abor
share changes in excess of 0.05 (evaluated at the average nonproduction
| abor share this constitutes alnost a 20 percent change) in a given year
account for nore than 70 percent of the overall aggregate positive
nonpr oducti on | abor share change, while plants with a negative
nonproducti on | abor share change of | ess than -0.05 account for nore
than 70 percent of the overall negative nonproduction |abor share
change.

The | ower panel of Figure 7 depicts the distribution of |ong
differences in the plant-I|evel nonproduction | abor share for all plants
W th positive enploynent in both the 1972 and 1987 Census of
Manuf actures. Not surprisingly, a nmuch snmaller percent of enploynent is
found in plants with little or no change in the nonproduction | abor
share (about 6 percent). The nost striking feature again is the
inportant role of both positive and negative changes in accounting for
t he overall change.

One possi bl e explanation for the changes in the nonproduction
| abor shares, and in particular the |large negative tails observed in
both panels in Figure 7, is that firns are shifting their nonproduction
enpl oynent between their manufacturing facilities and into central
adm nistrative offices (CAGs). W explore this possibility by exam ni ng
changes in nonproduction enploynent in both the manufacturing facilities
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and CAGCs of the sane firms.3 COverall, there is a negative, but quite
weak, correl ation between changes in nonproduction |abor share in
manufacturing facilities and the change in enpl oynent share of CAGCs (-
.06). In addition, we exam ne whether firns with | arge negative changes
(less than -.05) in nonproduction | abor share in their manufacturing
facilities had large offsetting increases in CAO enploynent. |f one
factors in the change in CAO enploynent into the overall change in

nonpr oduction | abor share for firns experiencing |arge declines in
nonproducti on | abor share, the inpact on the overall change is quite
nmodest (the enpl oynent - wei ght ed average decline for such firnms is -0.12
wi t hout the CAO change and -0.09 with the CAO change). Qur concl usion
is that the |arge negative change in nonproduction | abor share cannot be
accounted for by firms sinply shifting nonproduction | abor from
manufacturing facilities to CAGCs.

B. The Timng of Large Pl ant-Level Nonproduction Labor Share Changes

VWhile the findings depicted in Figure 7 are consistent with | unpy
adoption nodels, there are a nunber of alternative explanations for this
| umpi ness. As discussed in section Il, fixed costs of adoption and
| umpy technol ogi cal inprovenents are two (not mutual ly excl usive)
possi bl e expl anations. Yet another explanation is an extreme form of
short run nonhonotheticity associated with plants with | arge changes in
the scale of operations (induced by factors other than changes in
technol ogy). One way to hel p distinguish anong these hypotheses is to
exam ne the timng of |arge scale changes in the nonproduction | abor

% The anal ysis we undertake examines all nmulti-plant firns. Note, that the
vast majority of manufacturing establishnments are single plant operations with
no separate headquarters facilities. In addition, nost multi-plant operations
al so do not have separate headquarter facilities. Roughly, 90 percent of all
manuf acturing establishnents are owned by firms with no CAGs. However, those
firme with CAGs are quite |arge and account for approxi mately 55 percent of
total manufacturing enploynment over the 1977 to 1987 peri od.
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share at the plant. As discussed in section Il, one prediction of |unpy
t echnol ogy adj ust nent nodel s based upon a vintage capital specification
is that the probability of retooling should be increasing in the tine
since the last retooling. W investigate this prediction in an indirect
manner by exam ni ng whether the probability of having a |arge
nonproducti on | abor share change is increasing in the time since the
| ast | arge nonproduction | abor share change.

For this purpose, we divide plants into two groups in a manner
simlar to our quadrant analysis in section V. Plants with [ong run
i ncreases in the nonproduction | abor share are in one group and plants
with long run decreases in the nonproduction | abor share are in the
second group. The notivation for this grouping is that plants with
positive long run changes in the nonproduction |abor share likely
adopted different types of technology than plants with negative | ong run
changes. For plants with positive |long run changes, we define a
nonproducti on | abor share spike to be equal to one (zero otherwise) in
any year in which the change in the nonproduction |abor share exceeds
0.05. For plants with negative |long run changes, we define a
nonproducti on | abor share spike to be equal to one (zero otherwise) in
any year in which the change in the nonproduction |abor share is |ess
t han -0.05. 3

We estimate variants of the follow ng sinple specification:

mt:‘ﬁ*'E&Dmt+ axCYC, +
k

3)

where h;;, = 1 (=0) if plant i has (does not have) a nonproduction | abor

share spike in period t, " represents a possible plant-fixed effect,

%8 These threshold values for spikes are arbitrary but fromFigure 7
clearly represent very large changes relative to the typical change. W have
considered alternative thresholds (0.03 and 0.10) and have obtai ned very
simlar results for the hazards.
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Di: represent "age" dumm es reflecting the nunber of years since the
prior nonproduction | abor share spike (e.g., D;; =1 if the plant |ast
had a nonproduction | abor share spi ke k years ago, zero otherw se), and
CYG, represents a cyclical indicator. The indicator we use for this
purpose is a downstream demand i ndicator specific to the four-digit
industry to which the plant is assigned (this neasure is devel oped in
Bartel sman, Caballero, and Lyons, 1994). The downstreamindicator is
the change in an index of activity of other industries and service
sectors whi ch purchase output fromthe industry in question.?3

We consider two alternative specifications of (3). First, we
estimate (3) via OLS without any fixed effects. W denote the results
fromthis estimati on as the Kaplan-Meir estimates since, in the absence
of controlling for the cyclical indicator, the coefficients on the age
dumm es reflect the sinple enpirical hazard. Second, we attenpt to
control for unobserved heterogeneity that | ead sone plants to have
systematically high probabilities of spikes while others have | ow
probabilities of spikes. W do this because failure to control for such
systemati c unobserved heterogeneity will bias the hazard downwards. One
met hod of addressing this problemis to estimate a first difference
specification of (3) in order to elimnate fixed effects. However, by
taking first differences, we induce a correlation between the difference
of the age dummes and the difference in the errors. To overcone this
problem we estimate the first difference specification with

instrunmental variables where we use twice (and greater) |agged dependent

% The use of this downstream demand cyclical indicator is notivated by
t he argunments nade by Shea (1993) that downstream demand i s arguably a good
instrument for industry-level demand variation. O course, as Shea argues, the
downstream demand i ndi cator is a better exogenous instrunent when the materi al
share of the output fromthe upstreamindustry in the total costs of the
downstreamindustry is relatively | ow
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vari abl es and other twice (and greater) |agged pl ant-specific variabl es
as instrunents.

For this purpose, we exploit the bal anced panel data from 1972-88.
In order to construct the age dunm es for several periods, we comence
the estimation of (3) in 1978 and consider the variation across 5 age
groups. Specifically, the groups are plants that |last had a | arge
nonproducti on | abor share change in the prior year (age=1), two years
prior (age=2), three years prior (age=3), four years prior (age=4) and
five or nore years prior (age=5 -- the omtted group in the estimation).
For plants with positive |long run nonproduction | abor share changes, the
average nunber of spikes is 1.75. The equivalent nmean for plants with
| ong run negative nonproduction | abor share changes is 1.70.

The results fromthis estimation are reported in the panels of
Tabl e 8 and the hazards for plants with Iong run positive nonproduction
| abor share changes are depicted in Figure 8. In the latter, the line
| abel ed "boonmt' reflects the hazard that results by allow ng the
i ndustry-specific cyclical indicator to be one standard devi ati on above
its nean for each plant and then averagi ng across plants. The |ine
| abel ed "recession” is the equival ent one standard negative deviation
case. For the Kaplan-Meir estimates, the estimation yields not only the
sl ope and cyclical sensitivity but also the appropriate |evel (the
intercept) for the hazard. For the first difference specification, we
obtain only the slope and cyclical sensitivity so sonme caution needs to
be used in conparing the results.

The results for both the positive and negative |ong run changes

are qualitatively simlar so we focus our discussion on the positive

9 |n addition to the twice (and greater) |agged dependent variables the
instrument |ist includes twi ce |agged capital growth (equipnent and
structures), output growh, indicators of changes in ownership and industry,
and the downstreamindustry denmand indicator. The capital and output growh
are interacted with two digit industry dunmm es.
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| ong run changes. For the Kaplan-Meir estimtes, we observe a hazard
that rises initially but ultimately decreases. Although the slope is
not steep, the first difference hazards are upward sl oping throughout.
Thus, even this crude control for selection effects yield results that
are qualitatively consistent wwth the prediction of an increasing hazard
in a lunpy adjustnment nodel. Plants are nore likely to experience a

| arge positive spike in their nonproduction |abor share the | onger it
has been since the prior positive spike.

The results also indicate that positive spikes in the
nonpr oduction | abor share are countercyclical. This finding echoes the
results reported in the previous sections regarding the pronounced
countercyclicality of within plant nonproduction | abor share changes.
The additional result here is that this countercyclicality is driven in
part by the countercyclicality of spikes in the nonproduction | abor
share.

The |l arge spike at zero in the distribution of nonproduction |abor
share changes, the fat tails of the distribution, and the rising hazard,
are all consistent with |lunpy adjustnent nodels. Further, the
countercyclicality of the positive nonproduction | abor share spikes is
consistent with the idea that recessions may be good tines to reorganize
and retool since the opportunity cost of foregone output is |low at such
tines.* Nevertheless, these results on the distribution of
nonpr oducti on | abor share changes raise a variety of questions. The
| arge positive and negative gross changes in the nonproduction | abor
share that are dom nated by |arge (absolute) spikes in the nonproduction
| abor share rai ses questions about the nature of bias in technical

“4 Al'though the results for plants with negative | ong run nonproduction
| abor share changes indicate that the latter plants do not concentrate their
changes in recessions. Based upon the magnitudes of the coefficients on the
cyclical indicator, the procyclicality of the latter group is I ess strong than
the countercyclicality of the plants with long run positive changes in the
nonpr oducti on | abor share.
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change. One obvious specific question is: Wiat is occurring at plants
experiencing | arge decreases in their nonproduction | abor share? One
possi bl e explanation is that the technol ogy-skill conplenentarity varies
(in sign and magnitude) across different types of technologies. |If
technology that is primarily used in production is conplenentary with
unskill ed workers then plants which adopt this type of technol ogy wll
decrease their nonproduction |abor share.*  The challenge, then, is to
find observable plant-Ilevel variables that can account for both the |eft
and right tails of the distribution of nonproduction | abor share
changes. W turn to this challenge in the next section.

VI1. The Relationship Between Observable Measures of Technology
Adoption and the Nonproduction Labor Share

We now turn to investigating the connection between observable
measures of technol ogy adoption and changes in the nonproduction | abor
share at the plant level. Qur enpirical nethodology is simlar in
spirit to Bartel and Lichtenberg (1987) and Bernman, Bound, and Giliches
(1994). We start by assumng that firns mnimze a cost function that
contains both variable and quasi-fixed inputs. |In our case, we specify
a translog cost function with two variable factors of production
(skilled and unskilled workers) and a nunber of possible quasi-fixed
factors. Applying Shepherd' s Lemma and taking first differences yields:

AMy = o + opAin(w ") + &Azijt + o AIn(Y;) + € (4)
j

2 W explore this idea further in section VIl when we | ook directly at the
effect of different types of plant-|evel technol ogy adoption on the
nonproduction | abor share in the plant. See Dunne and Troske (1995) for
further evidence on this issue.
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where in this case M, is neasured as the share of nonproduction workers

wages in the total wage bill for plant i in period t.* The Z;.s
i nclude the quasi-fixed factors. Real output, Y;,, is included to
capture possi bl e nonhonotheticity. " captures a common tinme effect such

as the common unobserved conponent of the bias in technol ogi cal change
and ,;; captures unobserved idiosyncratic biased technical change
(including unobservable Z;,'s). For a particular quasi-fixed factor Z,
the coefficient on the Z represents the Z-skill conplenmentarity. In
what follows, we estimate (4) using both the change in the cost-share
based neasure of the nonproduction | abor share and the change in the
enpl oynent - share based neasure of the nonproduction | abor share as the
dependent variable. Wile the latter does not enmerge fromthe translog
cost functional, it is consistent with the general formof the
nonpr oduction | abor share characterized in equation (1).

There are a nunber of issues that nust be addressed before
estimating the nodel. First, we nust determne the variables in Z,.
In all of our specifications, Z;, includes plant-level |og of capital
equi pnent (begi nning of period) and | og of capital structures (beginning
of period). |In an attenpt to capture any change in organizati onal
structure, we also control for whether the plant changes ownership or
industry in the period in question. |In sone specifications, we include
a firmlevel nmeasure of the log of the stock of R& as well as direct
pl ant -1 evel neasures of the type of technol ogy adopted at the plant from
the 1988 Survey of Manufacturing Technology. |In both of the latter
cases, inclusion of such variables restricts the sanple and/or the tine

4 This specification is formally derived in Brown and Chri stensen
(1981) and Bartel and Lichtenberg (1987) ampbngst others. Note al so, that
equation (4) closely resenbles the relative factor demand equati on (equati on.
(1)) derived in section II.
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period of the analysis in inportant ways (details below and thus these
variabl es are not included in all specifications.*

A second issue is the treatnent of relative wages. There is
likely little directly neasurabl e exogenous cross sectional variation in
relative wages that we can exploit for this purpose. The problemis
t hat wage changes for a given worker type are confounded wi th unobserved
| abor quality differences. Extensive analysis of the plant-Ilevel wage
variation (e.g., Davis and Haltiwanger, 1991; Troske, 1994; Dons, Dunne
and Troske, 1995) indicates that much of the between and w thin plant
wage variation by worker type reflects differences in |abor quality
between and within plants. Even though we cannot directly neasure
changes in relative wages, to the extent that relative wages for skilled
wor kers are equalized across the econony, such econony wi de variation in
relative wages will be captured through our tinme effects. W attenpt to
i nprove upon this by interacting the tinme effects wth regi on dunm es.
The region-tinme effects are included in all of the specifications
di scussed bel ow.

A third issue is endogeneity bias for the various neasures of the
Zii;'"s. Abstracting frommeasurenent error for the nonment, the error
termin (4) reflects the current period idiosyncratic shock to biased
t echnol ogi cal change.* This shock is likely to be correlated with the
current growth rate of output so there are clear endogeneity probl ens
here. Since the change in the log of capital in (4) represents the
change fromthe beginning of the prior period to the beginning of the
current period, at annual frequencies it is reasonable to argue that
| ast period's investnent is not correlated with the current period

4 The details of the construction of these variables is discussed in
Appendi x A

4 Since our specificationis in first differences, this is really the
i nnovation to the current shock.
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t echnol ogy shock. However, in what follows, we consider not only one
year differences but also three year and long differences (1978 to
1988). In the latter cases, it is nuch nore likely that the cumul ative
changes in the capital stocks are correlated with the cumul ative

t echnol ogy shocks.

A related issue is nmeasurenent error in the Z;,'s. Follow ng
Giliches and Hausman (1986), part of the notivation for considering
three year and long differences is to mtigate the effects of
measurenent error (in addition, the longer differences are interesting
in their own right). However, as just discussed, this in turn generates
probl enms with endogeneity. Putting these concerns together, in what
follows we estimte our specifications both via OLS (as a benchmark and
to conpare to the results of the recent studies that have used OLS in
rel ated settings -- e.g., Berman, Bound, and Giliches, 1994; Bernard
and Jensen, forthcom ng; Goldin and Katz, 1996) and via an instrunental
vari abl es procedure where we treat the changes in equipnment, structures
and out put as endogenous (as well as other relevant Z neasures as
appropriate). W instrunment for these variables using appropriately
| agged plant-1|evel neasures. G ven our concerns about neasurenent error
and again following Giliches and Hausman (1986), for the difference
between t-k and t we use plant |evel variables fromperiod t-k-1 (and

earlier) as instrunents.* 1In all of our specifications the initial t-k

4  The precise instrunent list for the difference between t-k and t are
pl ant |evel variables dated t-k-1 (and earlier) including |linear, quadratic,
cubic and quartics in the log of output, the log of capital equipnment, and the
log of capital structures as well as quadratic, cubic and quartic ternms in the
grom h rates of each of these | agged variables. The notivation for including
the nonlinear terns is based on the recent literature indicating that plant-
| evel dynamics in enploynment and capital exhibits significant nonlinearities
(see, e.g., Caballero, Engel and Haltiwanger, 1995a, 1995b). W also include
t he cont enpor aneous and | agged downstream cyclical indicator used in section
VI as additional instrunments in all specifications. For alternative
specifications including additional Z;,'s (e.g., R&D), the appropriate t-k-1
lags (and earlier) for these additional variables are included as instrunents
as wel | .
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is 1978 (e.g., the first one year difference is 1978-1979, the | ong
difference is 1978 to 1988). Since nuch of the within plant changes
occur over the 1978 to 1988 period, we are able to include the nost
interesting period of variation in our sanple period. W estimate the
instrunental variables specification via GWto inprove efficiency and
to generate consistent standard errors.

In all cases we prefer to estimate the nodel separately for plants
in each two-digit industry. An obvious advantage of using plant-Ievel
data is the ability to |l et paraneters vary across observabl e di nensi ons
of differences in technology such as industry. Even in the
specifications estinmated separately for two-digit industry, we interact
three-digit industry effects wwth the tinme effects to capture
di fferences across industries within two-digit industries.

A. Base Specification -- The Contribution of Capital-Skil
Conpl enentarity

Tabl e 9 presents estimated coefficients for the pooled OLS and | V-
GW specifications. Wiile we ultimately draw our inferences from
results that are estimted separately for plants in each two-digit
i ndustry, we present the results in Table 9 to provide a benchmark for
conparison across alternative specifications and for conparability with
the existing literature. Several aspects of these results deserve
mention. First, there is clear evidence of capital-skil
conplenmentarity with the conplenentarity between skill and equi pnment
generally stronger than the conplenentarity between skill and
structures. Second, the IV-GW results generally yield higher absol ute
magni t udes of coefficients especially in the one year difference
specifications. This latter finding is consistent with neasurenent
error inour Z;’s. Third, the OLS results yield generally higher
magni tudes of the capital-skill conplenentarity in the long differences
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as opposed to the one year differences which is again consistent with
measurenent error in our right hand side variables. This pattern is

| ess pervasive in the IV-GW results which makes sense if one interprets
the one year differences wwth | V-GW as bei ng purged of neasurenent
error.% Fourth, we find clear evidence of short run negative non-

honmot heticity in the one and three year difference results. However,
this negative nonhonotheticity dimnishes in the | onger differences.
Fifth, the change in ownership and change in industry affiliation

vari abl es exhibit sonewhat erratic patterns in these specifications.
However, in the long run it appears that both events are associated with
i ncreases in the nonproduction | abor share.* Sixth, the |ow overall R-
squared’s indicate the dom nance of unobserved factors in accounting for
t he pool ed cross-sectional and tinme series variation. Gven the

i nclusion of both year effects and year effects interacted with industry
and region, it is clear that there is trenendous heterogeneity in the
nonpr oduction | abor share changes in a given year across plants in the
sane industry or region. Finally, the results for the enpl oynent-share
based specification and the cost-share based specification are
qualitatively very simlar. This pattern holds throughout the renmainder
of the subsequent analysis and for the sake of brevity we focus on the
enpl oynent - share based results for the remai nder of the paper

47 Qur 1V approach is nuch | ess successful in our long differences
specification than in our one or three year specifications. This is because,
given the limted tinme dinension of our data, we are unable to construct
i nstruments which accurately predict the | ong run changes in the endogenous
vari abl es.

4 The industry change and ownershi p change indicators are much better
predi ctors of changes in the absol ute nonproduction | abor share than the
nonproduction | abor share itself. W estimated alternative specifications of
(4) with the sane right hand side variables but with the dependent variable
bei ng the absol ute change in the nonproduction | abor share. The coefficients
on these two indicators (results not reported) increased substantially in
magni t ude and statistical significance.
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As we stated above, one advantage of the m croecononmc data is
that it allows us to estimate the above nodel separately for each two-
digit industry. Table 10 reports these results fromthe one year
difference specification using IV-GYW W report coefficient estimates
as well as the enpl oynent-wei ghted average plant-level growh rates for
net investnment and output. It is evident that there are trenendous
di fferences across two-digit industries in the nature and nagnitude of
t he equi pnent-skill and the structures-skill conplenentarity and in the
short run nonhonotheticity. For exanple, the equi pnment coefficient
varies from-0.013 in Printing to 0.068 in Instrunments. Wile the
i ndustries with negative equi pnent-skill conplenentarity are inprecisely
estimated, there is nevertheless a wi de range of val ues across
industries. There are also striking differences in the growmh rates of
net investnment and output across industries. Gven the |arge
differences in the coefficients and the large differences in the growh
rates of these variables across industries, there are clearly problens
in using the pooled estimates (which constrain the coefficients to be
the same across industries) to nmake inferences about the contribution of
the relevant variables to the variation in nonproduction |abor share
changes. 4

Qur main objective in this exercise is to understand the
contribution of our observable factors to the tinme series and cross
sectional variation in the within plant changes in the nonproduction
| abor share. For this purpose, we present a sinplified version of the
full distribution accounting franmework used by Juhn, Mirphy and Pierce
(1993). That is, we deconpose the enpl oynment-weighted distribution of
nonproducti on | abor share changes into the changes in the distribution
accounted for by the observables and the changes in the distribution

“  Thus, studies based upon aggregate (industry-level) data that constrain
the coefficients to be the sane across industries are potentially m sleading.
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accounted for by the unobservables.® By observables, we nean the
predi cted plant-1evel changes in the nonproduction | abor share in each
year based upon all of the explanatory vari abl es except the common year
effect. By unobservables, we nean the plant-I|evel changes in the
nonproducti on | abor share in each year accounted for by the estinmated
comon year effect plus the estimated plant-level residual. W treat
the estimated common year effect as unobservable since it represents the
unexpl ai ned common bias in technol ogi cal change.

Deconposi ng annual enpl oynment - wei ght ed nean changes in the
nonpr oduction | abor share sinply involves conputing the annual
enpl oynent - wei ght ed nean change in the nonproduction | abor share from
t he observabl es and the annual enpl oynent-wei ghted nean change in the
nonpr oduction | abor share fromthe unobservables. However, we expand
t he standard nean deconposition (or the standard variance deconposition)
by deconposing the entire distribution of nonproduction |abor share
changes into the contribution of the observabl e and unobservabl e
factors. Consider, for exanple, the deconposition of the difference
bet ween the 95th and 5th percentile of the enpl oynent-weighted
nonpr oduction | abor share change distribution. 1In a given year, we
measure the contribution of the observables as the difference between
the 95th and 5th percentile of the distribution of plant-Ilevel predicted
changes in the nonproduction | abor share. The marginal contribution of
t he unobservables is then given by the difference between the actual 95-
5 and predicted 95-5 percentile differences.

% The rel evant enploynent weights in each year are the initial (prior
year) enploynent shares. Thus, this exercise deconposes the within plant
conponent of equation (2).

5t Unli ke the deconposition of the nmean change or the anal ogous vari ance
deconposition, the ordering of the deconposition potentially matters in this
context. That is, one could start with the contribution of the unobservabl es
to the 95-5 difference and then consider the margi nal contribution of the
observabl es.
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Figure 9 depicts the deconposition of the annual nmean changes in
t he nonproduction | abor share as well as the deconpositions of the
annual 95th-5th percentile difference, the annual 95th-50th percentile
di fference and the annual 50th-5th percentile difference. |In each case,
we present the statistic fromthe actual distribution, the contribution
to this statistic by the observables and the marginal contribution to
this statistic by the unobservables. For the contribution of the
observabl es, we al so present the contribution fromthe observabl es m nus
the effect of plant-level changes in output. For this exercise we use
the estimates fromthe |IV-GW one year difference specification
estimated separately for plants in each two-digit industry.

The upper left panel of Figure 9 depicts the deconposition of the
enpl oynent - wei ght ed annual nean nonproduction | abor share changes. Over
t he period, observables account for about 40 percent of the average
annual change in the nonproduction |abor share. Excluding the
contribution of plant-level output changes, the capital conponent of the
observabl es accounts for about 30 percent of the average annual change.

Wil e the observabl es account for a sizeable fraction of the
average annual change, the observables (and in particul ar capital-skil
conplenentarity effects) do not track the timng of the nonproduction
| abor share changes well. For exanple, in 1981 the observabl es account
for only 27 percent of the sharp increase in the nonproduction | abor
share and capital-skill conplenentarity accounts for only 10 percent of
the increase. Mre generally, capital-skill conplenentarity predicts a
positive nonproduction | abor share change in all years and relatively

nodest tinme variation. >

2 |n examning the precise tinmng of the contribution of capital-skil
conplenmentarity in Figure 9 it is inportant to recall that it is beginning of
period capital stock that affects the current period nonproduction |abor

(continued...)
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Changes in output account for sonme of the cyclical variation in
t he nonproduction | abor share consistent with short run nonhonotheticity
i nduced (at least in part) by the greater cyclical flexibility of
production workers. Neverthel ess, unobservable factors dom nate the
cyclical variation. Further, unobservable factors account for nost of
t he secul ar increase in the nonproduction |abor share. Putting the two
results together inplies that unobservable factors are generating nost
of the long run increase in the nonproduction |abor share and that the
| ong run changes generated by these unobservable factors are
concentrated in recessions. It should not be surprising that capital-
skill conplenentarity cannot account for these cyclical patterns. There
is an inherent tension in trying to account for sharp increases in
nonpr oducti on | abor share changes in downturns with capital-skil
conplenmentarity since net investnent is procyclical.

Turning now to the deconpositions of the percentile differences,
several interesting patterns energe. First, the actual 95-5 percentile
di fference indicates a secular increase in the dispersion of
nonpr oduction | abor share changes over the 1980s. This secul ar increase
is again accounted for entirely by unobservable factors. In addition to
the secular increase in dispersion, there is an increase in dispersion
in the cyclical downturn in the early 1980s that is again primarily
accounted for by the unobservables. Looking at the 50-5 and the 95-50
differentials in the nonproduction |abor share change distribution shows
that there is a greater secular increase in the dispersion in the left
tail of the distribution (the 50-5 difference) but greater cyclical
volatility in the dispersion in the right tail of the distribution (the

%(...continued)
share. Accordingly, in first differences it is the change in the capital
stock in the prior period that affects the change in the nonproduction | abor
share fromthe prior to the current period. Thus, for exanple the equi pment
i nvestment boomin 1985 yields an increase in the nonproduction |abor share in
1986.

54



95-50 difference). (bservables account for very little of either the
secular or cyclical variation in the left tail or the secular change in
the right tail. However, observables account for a relatively |arger
fraction of the cyclical volatility in the right tail.

B. The Contribution of R&D | nvest nent

We now consi der the additional contribution of net changes in the
stock of R&D capital at the plant level. Essentially, we follow a
nmet hodol ogy simlar to that used by Adans and Jaffe (1994) by buil ding
stocks of R&D at the firmlevel using a perpetual inventory method

(details discussed in Appendix A). The firmlevel R& stocks are

mat ched to individual plants using the firmidentifiers in our plant-
| evel data set. W restrict our sanple to those plants for which we
have a continuous series on R&D, which reduces our sanple by about 40
per cent .

Table 11 reports the coefficient estimates wth the inclusion of
the net investnment in R& for the pooled O.S, |V-GW and the enpl oynent -
wei ghted, two-digit industry, for the both the one year and three year
di fference specifications.® The results for net investnent of
equi pnent and structures are largely simlar to those reported in Tables
9 and 10. W find evidence of significant R&D skill conplenentarity in
the IV-GWiresults for both the one and three year difference
speci fications.

The deconposition of the enpl oynent-wei ghted nonproduction | abor
share distribution into observabl e and unobservabl e conponents when we

3 W treat changes in the R& stock as endogenous in our |V-GW
specifications. Once again, we do not report the long difference estimations
because, given our snall sanple size, we do not feel we can use IV to estimate
t he nodel .
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include R&D is presented in Figure 10.% The results are qualitatively
simlar to those presented in Figure 9. (Observables account for 45
percent of the average annual change and observabl es absent the out put
growt h effect account for 42 percent of the average annual change.

I ncl udi ng net R&D investnent does not help in accounting for aggregate
cyclical changes in the nonproduction | abor share or to the secul ar
increase in the dispersion in the nonproduction | abor share changes.
This finding is again not surprising given the essentially acycli cal
nature of R&D investnent. There is a nodest inprovenent in the
contribution of the observables to the cyclical volatility in dispersion
(especially for the right tail). In short, however, the main concl usion
of the prior section still holds: wunobservable factors account for nost
of the nonproduction | abor share increases in cyclical downturns and the
cyclical increases generated by unobservabl es account for nost of the

| ong run secul ar increase in the nonproduction | abor share.

C. The Contribution of Indicators of Adoption of Advanced Technol oqy

We now consi der the influence of direct neasures of the type of
t echnol ogy adopted at the plant. For this purpose, we exploit the 1988
Survey of Manufacturing Technology (SMI). As discussed in section II1,
the 1988 SMI surveyed 10,590 plants in SIC industries 34 to 38 on their
use of seventeen recent manufacturing innovations. The innovations
i ncl ude such technol ogi es as robotics, conputers on the factory fl oor,
| ocal area networks, conputer-aided design and automati c sensors. W
mat ch the data fromthe SMI with our bal anced panel of continuing plants
which results in a sanple of 1820 plants. Follow ng Dunne and Troske
(1995), we divide the technologies into two main groups -- information
t echnol ogi es i ncludi ng conput er aut omat ed desi gn (CAD), conputers and

4 The results in Figure 10 are based on the one-year difference |V-GW
specification estimted separately for plants in each two-digit industry.
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| ans, and production technol ogi es including flexible manufacturing
cells, lasers, and pick and place robots. The distinction between

i nformation technol ogi es and production technologies is that the forner
are technol ogies that aid in the managenent and desi gn of products and
t he production process while the latter aid directly in production.

Qur analysis exploiting the SMI data has a nunber of inportant
limtations. First, we only have the information at one point in tine
for our bal anced panel (1988). Thus, we cannot exploit the precise
timng of adoption. To get around this problem we use the SMI
variables in the long difference specification and presunme that if a
particul ar technology is present at an individual plant then the
adoption of the technol ogy occurred between 1978 to 1988. Second, we
estimate the specification by OLS and | V-GW both with and w t hout
instrunmenting for technol ogy adoption using the sanme instrunment set as
in the base specification. Since the need (at |east for measurenent
error reasons) to instrunment in the long difference specification is
limted and because we do not have any reasonable instrunments for the
SMTI vari abl es, we have nore confidence in the OLS results in this case
and focus our discussion on these results. Third, the results are
restricted to a narrow set of industries (SIC 34 to 38) which restricts
the sanple size and the rel evance of the analysis for total
manuf acturi ng and nmakes conparisons to the precedi ng anal yses nore
t enuous.

The results for the long difference specification including the
SMI variables are reported in Table 12. For both the information and
production technol ogies, we break plants into two groups based upon
whet her the plant is using at | east one of the rel evant technol ogies.
The results for capital-skill-conplenmentarity and nonhonotheticity are
quite simlar to those generated in the base case. W find that
adoption of information technol ogies yields a positive inpact on the
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change in the nonproduction |abor share while the adoption of production
t echnol ogi es generates a negative inpact on the change in the
nonproduction | abor share.® Since these results reflect the influence
of the type of technol ogy adopted after already controlling for output
and capital growh, these results do not necessarily inply that plants

t hat have adopted information technol ogies exhibit increases in their
nonproduction | abor share or that plants that have adopted production

t echnol ogi es exhi bit decreases in the nonproduction | abor share.

I mportant in this regard is that plants that have adopted either type of
advanced technol ogy generally have nmuch hi gher net equi pnment investnent
rates. For exanple, the enploynent-wei ghted nean net investnent rate
for plants that have adopted advanced production technologies is 0.48
whil e plants that have not adopted such technol ogi es have a rate of
0.297 (both rates over the 10 year period). %5

*The results reported in Table 12 should be viewed with sone caution
First, the sanple of plants is dom nated by very |arge producers and 91
percent of plants in the sanple use information technol ogies. Second, Dons,
Dunne and Troske (1995), using a |arger sanple of plants, a nore recent SMI
and enpl oyi ng the nunber of technol ogies used as their main index of
technol ogy adoption, find little correlati on between technol ogy use in 1993
and the change in nonproduction | abor share over the 1977 to 1992 period. In
results not reported here, we estimated the nonproduction |abor share
regressi on using a count-based neasure and found little correlation between
t he nunber of technol ogi es used and the change i n nonproduction | abor share.
Final ly, Doms, Dunne, and Troske al so estimate a nodel sinmilar to that
reported in Table 12. They find a negative rel ationship between production
technol ogy use and the change in nonproduction |abor share (as we do), but
find a much weaker positive correl ation between information technol ogy use and
changes in nonproduction | abor share than we find in our nore restricted
sanmpl e.

%6 The enpl oynent - wei ght ed aggregate change in the nonproduction | abor
share for plants that adopted information technologies is 0.0353 while the
aggregat e change for those that have not is 0.0139. The predicted aggregate
change for those that have adopted information technologies is 0.0319 while
the predicted aggregate change for the other plants is 0.0256. The
enpl oyment - wei ght ed aggregate change in the nonproduction |abor share for
pl ants that adopted advanced production technologies is 0.0333 while the
aggregat e change for those that have not is 0.0434. The predicted aggregate
change for those that have adopted production technologies is 0.0293 while the
predi cted aggregate change for the other plants is 0.0461. Thus, we observe
that on average plants in all four of these groups exhibit substanti al

(continued...)
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In terns of the contribution of the observables to the long run
nonpr oduction | abor share change, in a manner consistent with our above
annual analysis we treat the constant as an unobservable. The actual
enpl oynent - wei ght ed average nonproduction | abor share change for the
1820 plants over the 1978-88 period is .035. The predicted change in
nonpr oducti on | abor share when we include our SMI variables is .017, so
t he observabl es account for about one-half of the change in the
nonproduction | abor share in this sanple of plants. However, even after
controlling for whether or not a plant adopts new technol ogi es,
unobservabl es still account for 50 percent of the secul ar enpl oynent -
wei ght ed average change in the nonproduction |abor share.

VI11. Concluding Remarks
Qur main enpirical findings are sunmarized as foll ows:

1. Aggregate changes in the nonproduction labor share at both
annual and longer frequencies are dominated by within plant changes iIn
the nonproduction labor share. The contribution of between plant
changes in the nonproduction | abor share is relatively nodest peaking
(around 25 percent) in the 1977-82 period. Net entry reinforces the
effects of the within plant changes since the nonproduction | abor share
differential between entering and exiting plants is simlar to the
wi thin plant changes in the nonproduction | abor share that we observe
for continuing plants. Taken together, the contribution of within plant
changes and net entry jointly account for nore than 80 percent of the
| ong run change in the nonproduction |abor share.

(...continued)

i ncreases in their nonproduction | abor share but particularly high changes for
pl ants that have adopted information technol ogi es and have not adopted
producti on technol ogi es.
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2. The distribution of annual within plant changes exhibits a
spike at zero, tremendous heterogeneity and fat left and right tails.
The aggregate net change in the nonproduction | abor share is driven by
| arge gross positive and negative changes in the nonproduction | abor
share that are an order of magnitude |arger than the net change. Most
of the |arge gross changes are accounted for by plants with very | arge
(in excess of .05 in absolute value annually) |unpy changes. The
probability of a plant experiencing a | arge change in the nonproduction
| abor share is increasing in the time since the previous |arge change in
t he nonproduction | abor share.

3. Within plant job reallocation is small in magnitude and
accounts for only a small fraction of total job reallocation (between
plus within plant job reallocation). Additionally, most changes in the
within plant nonproduction labor share are driven by individual plants
either simultaneously increasing both skilled and unskilled workers or
simultaneously decreasing both types of workers. Annually, the rate of
within plant job reallocation is only 2.7 percent. This conpares to a
bet ween plant job reallocation rate of about 20 percent. Mst changes
in within plant nonproducti on worker shares are accounted for by plants
changi ng scal e but disproportionately via enploynent of one type of
worker. Plants that exhibit long run secular increases in the
nonproducti on | abor share acconplished through |ong run upsizing account
for nost of the long run secular increase in the nonproduction | abor
share. This group of plants acconplish this with large rates of job
creation for both skilled and unskilled workers and especially high
rates of job creation for skilled workers. Another group of plants that
i ncrease their nonproduction |abor share through |ong run downsi zi ng
al so contribute significantly to the long run secular increase in the
nonproduction | abor share. This latter group of plants acconplish this
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with high rates of job destruction for both worker types and especially
hi gh job destruction rates for unskilled workers.

4. The long run secular increases iIn the nonproduction labor
share are concentrated in recessions, particularly the recession in the
early 1980s. The aggregate nonproduction |abor share rises sharply in
econom ¢ downturns and falls only mldly in economc recoveries. The
persi stent conmponent of w thin plant nonproduction | abor share changes
i ncreases sharply in recessions. Plants with long run increases in
their nonproduction | abor share concentrated nmuch of their increase in
the recession in the early 1980s. Plants with Iong run decreases in the
nonpr oduction | abor share account concentrated nuch of their decrease
after 1982.

5. Observable indicators of changes in technology account for a
significant fraction of the long run secular increase iIn the average
nonproduction labor share but account for little of the cyclical
variation. Unobservable factors account for most of the long run
secular iIncrease and the changes generated by these unobservable factors
account for most of the cyclical variation In the aggregate
nonproduction labor share. Putting these results together, the factors
that are generating the long run secular increase iIn the nonproduction
labor share are closely linked to the factors generating the cyclical
increases in the nonproduction labor share iIn economic downturns.
Capital -skill conplenentarity (including detailed neasures of the type
of advanced technol ogi es adopted) and R&D skill conplenentarity
contribute significantly to the enpl oynent-wei ghted average secul ar
change in the nonproduction | abor share. However, capital investnent
and R&D investnent account for little of the cyclical variation in the
average wi thin plant nonproduction | abor share changes. Even after
controlling for plant-level net investnent of physical capital, net
investnment in R&D capital and output growth, the residual average within
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pl ant changes in the nonproduction | abor share exhibit significant
countercyclicality. Further, the increases in the average w thin plant
nonpr oducti on | abor share generated by unobservable factors in downturns
are nmuch larger than the nodest decreases in recoveries, so that the
cunmul ative effect is positive. Indeed, nore than half of the long run
secul ar increase in the average nonproduction | abor share is accounted
for by these unobservabl es.

These results, in general, point to the conclusion that the
aggregate change in the nonproduction | abor share reflects sone form of
techni cal change (broadly defined) inducing individual continuing plants
to retool and reorganize and new nore skill intensive plants to displ ace
exiting less skill intensive plants. The results are consistent with
nodel s that predict that retooling and reorganization will be |unpy and
that the latter will inply simlar |unpiness in nonproduction |abor
share changes. Further, the results are consistent with nodel s that
predict that retooling and reorgani zation of the workforce wll be
concentrated in recessions since the opportunity cost of the disruption
from undertaki ng retooling/reorganization is | ow during recessions.

Viewed fromthe broad perspective of changes in the manufacturing
wor kf orce, our results indicate that there have been striking changes
within individual manufacturing establishnments in the type of workers
used at operating production establishments. Wile on average the shift
has been towards nonproduction workers, the underlying plant |evel
changes refl ect trenendous heterogeneity in the within plant changes in
the structure of enploynent. Qur results do not provide much support
for sinple product demand and rel ated trade explanations for the change
inthe mx of jobs in U S manufacturing. Instead, our results are
consistent wth the view that individual plants have fundanental |y
changed the way they produce goods in terns of the mx of workers
enpl oyed at production establishnents.
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There are, however, nore questions raised than answers provided by
our analysis. The dom nant role that unobservable factors play in
accounting for nost of the secular and cyclical variation in the
nonpr oduction | abor share raises questions about what these unobservabl e
factors represent. In a simlar vein, the trenendous heterogeneity in
wi thin plant changes in the nonproduction worker share (wth | arge
positive and negative gross within plant changes) rai se questions about
the nature of the bias in technical change. W have argued that one
| abel to put on the factors generating these patterns of plant-Ievel
changes is organi zational capital. Viewed fromthis perspective, our
results indicate that organi zational capital has on average been skil
bi ased over this period and that permanent reorganizations of the
production process at the plant are concentrated in recessions.
Organi zati onal capital need not be skill biased in general and i ndeed we
find that unobservable factors account for nost of the tremendous cross
sectional variation in plant-Ilevel nonproduction | abor share changes.

The dom nant rol e of unobservables is not inherently in conflict
with the recent interpretations fromrel ated aggregate anal yses (e.qg.,
Berman, Bound and Giliches, 1994) that the aggregate increase in the
nonpr oduction | abor share reflects skill biased technical change.
However, our findings suggest that it will be difficult to find
observabl e indicators of this skill biased technical change that account
for the observed strong connection between the |ong run structural
changes and cyclical dynamcs. At least it will be difficult to find
observabl e i ndicators from neasures of investnent in new capital goods
(even very detailed indicators of the type of capital investnent that
the plant is undertaking) or R&. The reason for this is that the
|atter indicators are procyclical and we find that the pernmanent changes
in the nonproduction |abor share are countercyclical.
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An alternative but related interpretation of our results is that
we have not fully captured the conplex dynam c interactions between
pl ant -1 evel changes in the nonproduction |abor share and plant-1evel
changes in observable indicators |ike physical capital and R&D. For
exanple, results from Dunne and Troske (1995) indicate that the
probability of adopting advanced information technol ogies is increasing
in the initial nonproduction | abor share of the plant. W have not
investigated the idea that plants may find it optinmal to change their
enpl oynent structure prior to changing their technology.% This latter
possibility suggests that we may need a nuch richer characterization of
the dynamic interactions of the various conponents of what constitutes
t he organi zational structure of the plant.

% Note, however, that our long difference specifications relating |ong run
changes in the nonproduction |abor share to | ong run changes in output grow h,
physi cal capital growh and R& capital growth do not depend on such precise
timng considerations and these results still |eave nost of the aggregate and
cross-sectional variation in the nonproduction |abor share unexpl ai ned.

64



Appendix A: Definition of Measures

Thi s appendi x provi des precise definitions for various neasures
used in the paper.
To begin with we define our job creation and destructi on neasures.

Job Creation by Wirrker Type

Y ALy
Ctk _ e’
DX
ieA
Wer e:
LY, = Change in enpl oynent of worker type k at plant i in year t:
(I—E(t - I—E(t-l )

X = 2(Lf + L.y )
L* = the set of all plants with )LK > O.
A = Al plants

Job Destruction by Worker Type

k
oI
Dtk _ el”

DX

icA

Wher e:
L- = the set of all plants with )LfK < 0.

Job creation and destruction rates for total enploynent are cal cul ated
by letting LK be the total enploynent in plant i in year t.

G ven these neasure of job creation and destruction, between pl ant
job reallocation is sinply the sumof total job creation and
destruction:

BPR, = C, + D,

t
DAL

icA

2 Xi

icA
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Total job reallocation (both within and between plant) is given by:

XS X
TR, = Yt (CtS + Dts) + Tt C. + D)

t
t t
_2|ALi;j| * |ALii|)

icA
DXy

icA

Finally, within plant reallocation is given by

WPR

TR, - BPR,

t
_Z]Al—iﬂ * |ALii|*|ALit|)

icA
DXy

icA

Persi stence Rate for Nonproduction Labor Share Change

Def i ne:
k
_ZAMih-j
6i(k) = max | min| =% 6(k-1),1[,0| for k=1
AMit
wher e
M = Ly [ (L§ + L)
2m(0) =1.
0T(k) is the k-year persistence rate for plant i in year t. Then the k

year persistent conponent of enploynent weighted, wthin plant
nonpr oducti on | abor share change is given by:

AM(k) = XLit—l/Lt—l)az?(k) AM;.

icA
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Persi stence Rate for Job Creation
Def i ne:

_ZALih-k
6f(k) = max| min H’T,e‘;(k—l),l 0| for k=0

it

where again 2f(0)=1 and calculated for plants with )L;;>0. Then the
persi stent conponent of aggregate job creation is given by:

A
Ct(k) _ ieL *

X

icA

Rat es and conponents for job creation by worker type, for total job
destruction and for job destruction by worker type are defined in an
anal ogous fashi on.

Capital Stock Measures
Qur capital stock neasure is:

ks = (1*51'2) v ks o+ Iy

wher e:

ks{; = total stock of type r capital in plant i in periodt

*y = depreciation rate for type r capital in industry j in period
t (includes retirenents).

If, = Investnent in type r capital in plant i in period t.

We construct capital stocks for t=1972 to 1988. For 1972, ks|; is
conput ed as:

ks
kSiT72 = bksifn*;:z
bks; 7,
wher e:
bks{ ;, = the book value of type r capital in plant i in 1972
ksf ;, = the real value of type r capital in industry j in 1972

bksf ;, = the book value of type r capital in industry j in 1972.
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The depreciation rate in period t along wwth the real and book val ue of
capital for industry j in 1972 cone fromBEA | refers to a two-digit
i ndustry.

R&D St ock Measure
Qur R&D stock neasure is:

rdk,, = (1-6)*rdk;,_, +rd,

t

wher e:
rdk;;, = the r& stock of firmi in period t
* = the depreciation rate for ré&d
rdi; = the investnment in r&l by firmi in periodt.

W set *=.15 (Adans and Jaffe, 1994). W conpute r&d stocks for t=1972
to 1988. In 1972 we set rdk;,=rd;;.

Technol ogy Adoption Measures

Qur plant-Ilevel neasure of technol ogy adoption cone fromthe 1988
Survey of Manufacturing Technology (SMI). The 1988 SMI' surveyed
managers of over 10,000 plants about their use of 17 different advanced
t echnol ogi es.*® W nerge these data with our sanple of continuing
plants to create a sanple of 1820 plants. W then use the information
fromthe 1988 SMI to construct our two neasures of technol ogy adopti on:
information, which equals 1 if a plant adopts any of one of eight
i nformati on technol ogi es, and production which equals 1 if a plant
adopts any one of six production technologies. The eight information
technol ogi es are: conputer aided design (CAD), CAD controlled nmachines,
digital CAD, technical data network, factory network, interconpany
net wor k, programmabl e controllers, conputers on the factory floor. The
ei ght production technol ogies are: flexible manufacturing system cell,
mat eri al s working | asers, pick/place robots, other robots automatic
storage/retrieval system automatic guided vehicle systens, autonated
sensor based inspection and/or testing equipnment used on incomng or in
process materials, automated sensor based inspection and/or testing
equi pnent used on final product.

Changes in Qutput, Omership and | ndustry:

® See Dunne (1994) for a nore conplete description of the 1988 SM.
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Change in output is sinply the log of the real value of shipnents
of plant i in year t mnus the log of real value of shipnents of plant i
in year t-1. W deflate the reported val ue of shipnents fromthe plant
using the four-digit industry shipnments deflator in the NBER
productivity database (Bartel sman and Gray, 1995). |In principle, the
appropriate neasure to use woul d be changes in val ue-added, or at | east
changes in shipnments m nus changes in inventories. However, given
measurenent error problens in the inventories and materials variables in
the LRD and in the materials deflator, we feel that changes in shipnents
is the better variable. Simlar argunents are nmade by Bernman, Bound and
Giliches (1994) and Bernard and Jensen (forthcomng) to justify their
use of this variable.

The change in ownership variable equals one if the firm
identification variable in the LRD changes between year t and year t-1.
The change in industry variable equals one if a plant’s four-digit SIC
code changes between year t and t- 1.
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